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REPORT ON A COLLECTION OF 
NEMATODES FROM THE FEDERATED 
MALAY STATES 


BY 


A. R. D. ADAMS 
(Received for publication 12 July, 1932) 


This collection was made by Mr. G. B. Purvis, F.R.C.V.S., of 
the Federated Malay States Veterinary Department, and submitted by 
him for identification. It is now in the collection of the Liverpool 
School of Tropical Medicine. The major portion of the collection 
came from Malay, though a considerable number of specimens was 
obtained in this country and elsewhere. In all, some 300 tubes of 
material were examined and the genera determined; these are 
enumerated below, together with the hosts from which they came 
and their places of origin. Owing to the mass of material, it has 
not been possible to determine all the species present up to now, 
but this has been done at least for the Strongyloidea. In recording 
the names of the hosts and the position of the parasites in them, 
the collector’s memoranda in the bottles are given. Certain new 
genera and species are recorded after the enumeration of the parasites 
identified. 


Superfamily STRONGYLOIDEA 
Family TRICHOSTRONGYLIDAE 
Subfamily TRICHOSTRONGYLINAE 


Genera and species— Found in— 


Haemonchus contortus 21 tubes of material from cattle, 
sheep and goats in Taiping, Raub 
and Nebong Tibal. 


Ostertagia circumcincta 4 tubes, «t from a _ buffalo in 
Kamunting, and the remainder 
from sheep in Taiping, and I in 
Kenya Colony. 


I 





Molineus torulosus 


Cooperia punctata 


C. pectinata 
C. curticet 


Trichostrongylus extenuatus 


T. colubriformis 


I. rugatus 
TI. axet 


T. probolurus 


Libyostrongvlus douglassit 


Nematodirus filicollis 


Mecistocirrus digitatus 


Found in— 
I tube from a squirrel monkey in 
Edinburgh Zoological Gardens. 


4 tubes, 3 from cattle in Raub and 
Maxwell’s Hill, and 2 from sheep 
in Taiping and Seremban. 

I tube from a calf in Kenya 
Colony. 

I tube from a sheep in Berwick, 
N.B. 

3 tubes, 1 each from a sheep, a 
goat and a bison in Taiping, 
Raub and the Edinburgh Zool- 
ogical Gardens respectively. 

9 tubes, 6 from goats in Taiping 
and Raub, and 3 from sheep in 
Seremban, Alor Star and Kenya 
Colony respectively. 

2 tubes from sheep in Taiping. 

1 tube from a horse in Taiping. 

1 tube from a sheep in Kenya 
Colony. 

1 tube from an ostrich in Kenya 
Colony. 

I tube from a_ sheep, locality 
unknown. 


2 tubes from cattle in Kamunting 
and Taiping. 


Family ANCYLOSTOMIDAE 
Subfamily NECATORINAE 


Genera and species— Found in— 


Necator americanus 


Gaigeria pachyscelis 


Bunostomum phlebotomum 


B. trigonocephalum 


1 tube of material from man in 
Taiping. 

6 tubes, 5 from goats in laiping 
and Alor Star, and 1 from a sheep 
in Taiping. 

2 tubes, 1 from an ox in Raub and 
the other from a calf in Nebong 
Tibal. 

1 tube from a sheep in Taiping. 








Subfamily ANCYLOSTOMINAE 


Genera and species— 
Ancylostoma braziliense 


A. caninum 


A. duodenale 


A. malayanum 


Family STRONGYLIDAE 
Subfamily OESOPHAGOSTOMINAE 


Genera and species— 
Oesophagosiomum radiatum 


O. columbianum 


O. venulosum 
O. asperum 
Chabertia ovina 





Found in— 


23 tubes of material from dogs and 
cats in Taiping, Raub, Seremban 
and Dinding’s. 


21 tubes from dogs in Taiping and 
Seremban. 


1 tube from man in Taiping. 


1 tube from a rat in Seremban. 
This would appear to be the first 
occasion on which an ancylostome 
has been recorded from the rat, 
and it is interesting to note that 
the parasite broadly conforms to 
the description of Ancylostoma 
malayanum given by Lane (1916). 
It would thus appear undesirable 
to accord these specimens new 
specific rank solely on account of 
their host, and I feel that they 
should be regarded as examples of 
A. malavanum from a previously 
unrecorded host. The specimens 
consist of 2 males and 2 females, 
and are in excellent condition. 
They are numbered 1657 in the 
nematode collection of the 
Liverpool School of Tropical 
Medicine. 


Found in— 


5 tubes of material from cattle in 
Taiping, Kedah and Maxwell’s 
Hill. 

8 tubes, 6 from goats in Taiping 
and 2 from sheep in Taiping and 
Kenya Colony respectively. 

3 tubes from goats in Taiping. 

1 tube from a goat in Taiping. 


3 tubes from a sheep in Taiping. 


Subfamily TRICHONEMINAE 
Genera and species— 
Gyalocephalus capitatus 


Trichonema spp. 


Subfamily STRONGYLINAE 
Genera and species— 
LTriodontophorus minor 


T. brevicauda 
T. tenmcollis 


T. serratus 


Globocephalus urosubulatus 


Strongylus vulgaris 
S. edentatus 


S. equinus 


Subfamily STEPHANURINAE 
Genus and species— 
Stephanurus dentatus 


Family SYNGAMIDAE 


Genus and species— 
Syngamus trachea 


Family METASTRONGYLIDAE 
Subfamily METASTRONGYLINAE 


Genera and species— 
Metastrongylus salmi 


Dictyocaulus filaria 


lkound in— 
1 tube of material from a horse in 
Taiping. 
12 tubes from mules, ponies and 
horses in Taiping, and I, consisting 
of a single male specimen, from a 
fox in Niddrie, Scotland. 


Found in— 
3 tubes of material from horses and 
mules in Taiping. 
2 tubes from horses in Taiping. 
2 tubes from ponies in Taiping and 
Ayton. | 
2 tubes from ponies in Taiping and 
Ayton. 
2 tubes from pigs in Kedah and 
Raub. 
10 tubes from horses, ponies and 
mules in Taiping and Ayton. 
4 tubes from ponies and horses in 
Taiping. 
2 tubes from horses in Taiping. 


Found in— 


3 tubes of material from pigs in 
Taiping and Ipoh. 


Found in— 
3 tubes of material, 2 from fowls 
in Taiping, and 1 from a goose in 
Edinburgh, Scotland. 


Found in— 


8 tubes of material from pigs in 
Seremban and Taiping. 


1 tube from a sheep in Africa. 





Superfamily OXYUROIDEA 
Family OX YURIDAE 
Subfamily SyPHACIINAE 


Genus and species— 
Syphacta obvelata 


Subfamily OxYURINAE 
Genus and species-— 
Oxyuris equa 


Family HETERAKIDAE 


Genus and species— 
Heterakis spp. 


Family SUBULURIDAE 
Subfamily SUBULURINAE 
Genus— 

Subulura sp. 


Superfamily SPIRUROIDEA 
Family ACUARIIDAE 
Subfamily ACUARIINAE 
Genus— 

Acuaria spp. 


Family GNATHOSTOMIDAE 
Subfamily GNATHOSTOMINAE 


Genus and species— 
Gnathostoma spinigerum 





Found in—- 


2 tubes of material from rats in 
Taiping and Pabang. 


Found in— 


3 tubes of material from mules and 
ponies in Taiping. 


Found in— 


20 tubes of material from fowls and 
a turkey in Taiping and elsewhere ; 
also r from a knot in Edinburgh 
Zoological Gardens and 1 from 
a rat in Taiping. In addition, 
there is a tube of material from 
a cat in Taiping which contains 
a number of specimens of this 
genus ; these have possibly been 
ingested by the cat, and cannot 
therefore be regarded as true 
parasites of the animal. 


Found in— 


1 tube of material from a knot in 
Edinburgh Zoological Gardens. 


Found in— 


5 tubes of material from fowls in 
Taiping. 


Found in— 
2 tubes of material from cats in 
Taiping. 








Family PHYSALOPTERIDAE 
Subfamily PHYSALOPTERINAE 


Genus and species— 
Chlamydonema praeputiale 


Family SPIRURIDAE 

Subfamily GONGYLONEMINAE 

Genus and species— 
Gongylonema ingluvicola 


Subfamily SPIRURINAE 


Genera and species— 
Spirocerca sanguinolenta 


Cyrnea sp. 


Habronema spp. 


Subfamily ARDUENNINAE 
Genus— 
Physocephalus sp. 


Family THELAZIIDAE 
Genera 
Oxyspirura spp. 





Thelazia spp. 


Superfamily TRICHUROIDEA 
Family TRICHURIDAE 
Subfamily TRICHURINAE 





Genera 
Trichuris spp. 


Found in— 


4 tubes of material from cats in 
Taiping and Seremban. 


Found in— 


2 tubes of material from fowls in 
Raub and Taiping. 


Found in— 
1 tube of material from a dog in 
Seremban. 


I tube of material from a knot in 
Edinburgh Zoological Gardens. 


12 tubes from horses, ponies and 
mules in Taiping. 


Found in— 


1 tube of material from a dog in 
Taiping. The material contains a 
single damaged female worm which 
appears to belong to this genus. 


Found in— 


7 tubes of material from fowls in 
Taiping and Seremban. 

6 tubes from cattle in Seremban 
and Ipoh. 


Found in— 


6 tubes of material from cattle, 
sheep and goats in Taiping ; 1 from 
a monkey, Macaca irus, in Raub ; 
1 from a coypu in Edinburgh 
Zoological Gardens ; and 1 from 
man in Taiping. 


























Subfamily CAPILLARIINAE 


Capillaria spp. 


Superfamily ASCAROIDEA 
Family ASCARIDAE 
Subfamily ASCARINAE 


Genera and species— 
Ascaris lumbricoides 


Toxocara spp. 


Subfamily ASCARIDIINAE 


Genus— 
Ascaridia spp. 


Superfamily FILARIOIDEA 
Family FILARITIDAE 
Subfamily SETARIINAE 


Genera and species— 
Setaria hornbyi 


S. labiato-papillosa 


S. digitata 





Found in— 


4 tubes from fowls and turkeys 
in Taiping, and a sample from 
a knot in Edinburgh Zoological 
Gardens. 


Found in— 


1 tube of material from a pig in 
Taiping. 

7 tubes from dogs in Taiping and 
Seremban; 1 from a fox in 
Niddrie, Scotland; and another, 
consisting of 3 specimens, from 
a long-eared owl in Edinburgh 
Zoological Gardens. 


Found in— 


5 tubes of material from fowls and 
a turkey in Taiping and Kuala 
Kangsar. 


Found in— 

2 tubes of material from an oribi 
and a reedbuck in Kenya Colony, 
and a sample from an ox in 
Seremban. This species of Setaria 
does not seem to have been found 
in Asia before ; the specimens are 
in an excellent state of preservation 
and present apparently all the 
characters of this species. 


6 tubes from cattle and buffaloes 
in Taiping and Seremban. 

1 sample from a_ bison in 
Edinburgh Zoological Gardens. 








Subfamily ONCHOCERCINAE 


Genera and species— Found in— 
Elaeophora poeli 3 tubes of material from cattle 
and a buffalo in Seremban and 
Taiping. 
Onchocerca sp. 1 tube from an ox in Kedah. 


Subfamily FILARIINAE 
Genera and species— Found in— 


Dirofilaria tmmiutis 3 tubes of material from dogs in 
Seremban and Ipoh. 


Genus CYCLODONTOSTOMUM gen. nov. 
C. PURVISI sp. nov. 


Material collected by Mr. G. B. Purvis, F.R.C.V.S., of the Federated 
Malay States. 


Source. Large intestine of a rat, from Raub, Federated Malay 
States, on 3.2.30. 
Type specimens and cotypes in the collection of the Liverpool School 
of Tropical Medicine, Number 1656. 


The collection consists of g female and 7 male small filiform 
nematodes, with a shallow, chitinous, subglobular buccal capsule, 
the oral margin of which bears a number of teeth arranged sym- 
metrically around it and directed into the buccal cavity. Transverse 
cuticular striation is present throughout the length of the worms. 
The mouth is directed obliquely dorsally and consists of a prominent, 
circular, ring-shaped, chitinous buccal capsule, about room in 
diameter and 65 in depth; this capsule is continuous with the 
oesophagus, the latter being somewhat dilated at its anterior end. 
Six-head papillae are present, and consist of dorsal, ventral and 
lateral pairs, and there is a prominent cephalic groove. A shallow 
dorsal oesophageal groove is present. Round the inner margin of 
the buccal capsule are arranged symmetrically 8 pairs of strongly 
curved teeth, which project into the oral cavity; they measure 
from 35 to 48, those situated ventrally being the longest, and 
those dorsally, the smallest. In the depths of the buccal capsule 
and on its dorsal surface are 2 small triangular lancets. The 
oesophagus is about 550. in length and is dumbell-shaped, but has no 
valvular apparatus at its posterior extremity. The nerve-ring is 
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situated about the middle of the oesophagus. Cervical papillae 
could not be seen. 

The males measure 8 to 9 mms. in length and about 300 in 
diameter. The bursa is symmetrical and has a large dorsal lobe. 
The dorsal ray is bifurcate in its distal third, each bifurcation ending 
in two digits. The externo-dorsal ray is long, and arises from 
a common trunk with the dorsal. The postero-lateral and medio- 
lateral rays are parallel and close together, whilst the strong 
externo-lateral ray arises from a common trunk with the laterals. 
The ventral ray is cleft. The spicules are subequal and measure 
approximately 650”. There is no gubernaculum. 

The females measure 1-2 to I-3 cms. in length, and roughly 400, in 
diameter. The vulva is about 400 in front of the anus, and the 
two parallel uteri run forward together. The tail of the female is 
conical. The eggs are of the usual thin-shelled strongylate type 
and are oval, measuring about 53” by 34x. 

I propose the generic name of Cyclodontostomum for this worm, 
and have much pleasure in dedicating the species to the collector, 
Mr. Purvis. 

The morphology of the worm obviously relegates it to the super- 
family STRONGYLOIDEA, family ANCY LOSTOMIDAE and subfamily 
ANCYLOSTOMINAE, although the family character of the oral aperture 
being guarded by ventral cutting organs would appear now to 
require some modification, as the cutting organs in this genus are 
arranged symmetrically around the mouth on the dorsal and ventral 
surfaces equally. It would thus appear that the character of the 
family ANCYLOSTOMIDAE should be ‘ oral aperture guarded by 
cutting organs, i.e. teeth, or chitinous plates,’ without specifying the 
position of these cutting organs. 





D Digna 
Fic. 1. Cyclodontostomum purvisi n.gen. and sp. Dorsal view of anterior extremity. (x 70.) 
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Fic. 2. Cyclodontostomum purvisi n.gen. Fic. 3. Cyclodontostomum purvisi n.gen. 
and sp. Dorsal view of head. (x 180.) and sp. Lateral view of head. (x 180.) 











Fic. 4. Cyclodontostomum purvisi n.gen. and sp. Lateral view of bursa. 





(x 180.) 





do 










Fic. 5. Cyclodontostomum purvisi n.gen. and sp. Fic. 6. Cyclodontostomum purvist 
Dorsal view of bursa. (x 180.) n.gen.andsp. Lateral view of posterior 
extremity of female. (x 40.) 
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Genus LABIATOFILARIA gen. nov. 
L. TRINGAE sp. nov. 


Material collected by Mr. G. B. Purvis, F.R.C.V.S. 


Source. Peritoneal cavity of a ‘knot’ in Edinburgh Zoological 
Gardens. 


Type specimens in the collection of the Liverpool School of Tropical 
Medicine, Number 1675. 


The material consists of a male and a female worm; these are 
in a good state of preservation, except that the spicules of the male 
are both broken off. They are relatively large, stout worms, the 
female being about three times the length of the male. The cuticle 
is smooth and not bossed, and is finely transversely striated through- 
out the length of the worms. The mouth is simple and unprovided 
with any chitinous structures ; the buccal capsule is rudimentary, 
and no vestibule is present. Two prominent lateral lips bind the 
mouth, and each of these lips is deeply cleft, thus giving the appear- 
ance of four prominent, symmetrical, sublateral lips. The head is 
furnished with lateral and submedian papillae, and small lateral 
cervical papillae are present. The oesophagus is divided into 
two parts, a relatively short anterior muscular portion and a longer 
posterior glandular portion. Around the anterior muscular portion 
lies the nerve-ring. The tails of both the male and female worms 
are abruptly rounded, the anus being subterminal in each case. 

MaALrk. About 17 mm. in length and 640. in breadth. The tail 
is bluntly rounded, and there are a number of preanal and postanal 
sessile papillae. There are 2 spicules, but these unfortunately have 
been broken off short. No gubernaculum is present, and there are 


no caudal alae. 

FEMALE. About 60 mm. in length and 1 to 1-5 mm. in breadth. 
The vulva is situated in the posterior oesophageal region, 800” from 
the anterior extremity of the worm. The vagina is very muscular 
and from it 2 parallel uteri arise. The posterior extremity of the 
worm is bluntly rounded and the anus is subterminal ; both in front 
of and behind the anus are a number of sessile papillae. 














co 


Fic. 7. Labiatofilaria tringae n.gen. and sp. Lateral view of anterior extremity. (x 40.) 


bdo. 


Fic. 8. Labiatofilaria tringae n. gen. and sp. Fic. 9. Labiatofilaria tringae n.gen. and 
Lateral view of head. (x 180.) sp. Dorso-ventral view of head. (x 180.) 


\ 


Fic. 10. Labiatofilaria tringae n. gen. and sp. Fic. 11. Labiatofilaria tringae n.gen. and 
Ventral view of posterior extremity of male. sp. Lateral view of posterior extremity of male. 


(x 70.) (x 70.) 


bo 


Fic. 12. Labiatofilaria tringae n.gen. and sp. Lateral view of posterior extremity of female. 
(x 40.) 
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This worm appears obviously to belong to the superfamily 
FILARIOIDEA, and can be referred to the family FILARIITIDAE. In 
that the mouth is simple, the cuticle is finely transversely striated and 
the vulva lies in the oesophageal region, it would seem to belong 
either to the subfamily APROCTINAE or the subfamily FILARIINAE. 
Unfortunately, as the spicules are damaged, it is impossible to say 
whether they were equal and similar, or dissimilar, but examination 
of the remaining portions suggests that they were similar; if this 
is indeed the case, the worm can be referred to the subfamily 
APROCTINAE. The prominent lips are a striking feature on first 
examination and appear to differentiate it from any of the other 
genera in these two families, and I am unable to find any description 
of a similar worm elsewhere, with the possible exception of 
Tetracheilonema quadnilahiatum (Diesing, 1861). This worm, how- 
ever, 1s so insufficiently described that it is difficult to assign the 
parasite just described to this genus. I, therefore, propose the 
generic name of Labratofilaria for its reception, and the specific 
name é/vingae from the host from which it was obtained. 
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The present paper is derived from detailed records and notes 
kept during an infectivity survey of the domestic Anopheles of 
Uganda, which was the subject of a recent paper (Gibbins, 1932), 
and is intended as a contribution to the study of the house- 
frequenting habits of Anopheles mosquitoes. 

Our knowledge of the habits of malaria-carrying Anopheles is 
extremely meagre. Clayton Lane (1931), in his critical summary of 
literature in regard to housing and malaria, shows clearly how 
little is known of this important subject. Our ignorance is partly 
due to the fact that it is seldom realised how much more informative 
from the point of view of malaria an adult survey of human dwellings 
may be, as opposed to a larval survey of breeding places. Johnson 
(1919) found that a totally false idea is obtained from a larval survey 
of a station, as the common larvae obtained may not be the common 
domestic mosquito. Ingram and De Meillon (1929) note that 
adults of Anopheles costalis Theo. (gambiae Giles) and Anopheles 
funestus Giles were found in places where, had reliance been placed 
on failure to find the larvae, these malaria carriers would have 
been reported as absent. In Uganda, two malaria-carrying species, 
Anopheles funestus and Anopheles mouchett Evans, which were 
rarely found as larvae in certain townships, were the predominant 
species in human dwellings. 

Throughout the inquiry, which was spread over approximately 
four years and was conducted in four widely separated and physically 
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different regions of the country, a detailed record was kept of the 
prevalence and infection of Anopheles in individual dwellings. 
Both at the commencement and subsequently, the various habitations 
which were subjected to bi-weekly searches for mosquitoes were 
personally visited at regular intervals. These inspections served 
the dual purpose of checking the work of the native collectors and 
noting any change in the original condition of the dwelling. The 
investigation was not without its misfortunes. Many of the selected 
native huts fell down, some were burnt, while others were deserted 
for various periods and rendered useless for the purpose of 
a comparative study. 

The selected observation dwellings were searched twice weekly 
during the early morning and forenoon by the same native collectors. 
The mosquitoes were captured singly in test tubes of the size 
6 ins. by ? in., excepting in the case of Anopheles mauritianus, 
when wider tubes, 6 ins. by I in., were used in order to avoid damage 
to their long hind legs. By inserting a small plug of cotton wool 
after each insect, and carefully pushing it down so as to imprison it 
in a small space, 5 or 6 mosquitoes from the same dwelling were 
confined in a single tube for transportation to the laboratory. ‘This 
method of collection, suggested by James (1920), proved quite 
successful ; the fragile insects arrived at the laboratory in good 
condition and enabled accurate determinations to be made of closely 
allied species. As the huts of the indigenous population were very 
dark inside, it was necessary to examine them with the aid of an 
electric torch. 

Most of the specimens of Anopheles costalis and Anopheles 
funestus captured in native huts were taken on the upper portion 
of the walls and on the lower parts of the roof, in the darkest places 
of the dwelling. They were inclined to prefer the region of the 
junction of the wall and roof. Cobwebs were particularly favoured 
as resting-places. Few were found near the ground, excepting in the 
vicinity of beds which had been recently slept in. There was 
a tendency for males to congregate and rest within small areas ; 
but the writer did not find, as Garnham (1929) did in the case of 
Anopheles funestus at Kisumu in Kenya, that the males preferred 
to rest near the ground and the females near the roof. Single 
isolated specimens of Anopheles mauritianus var. ziemanni (Griinb.) 
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Edw. were obtained on the high parts of walls, but the majority of 
examples were captured near the ground. In huts where this 
species was present in appreciable numbers, and in particular in those 
in which goats had been tethered for the night, this habit of resting 
near the ground was very noticeable. Objects such as tins and 
bottles standing on the ground were favoured resting-places. 


I. PRESENCE AND PREVALENCE OF MALES IN DWELLINGS 


Christophers, Sinton and Covell (1928) suggest that the presence 
or absence of males among catches of adult mosquitoes may be 
taken as an indication of whether breeding places exist at the time. 
The observations carried out in Uganda show clearly that it is 
only in the case of two species, Anopheles costalis and Anopheles 
funestus, that this factor can be taken into account. It will be seen 
from Table I that males of the other four malaria-carrying species 
occurring in the country were seldom found in human dwellings. 
Of 5,687 specimens of Anopheles moucheti Evans, 4, and out of 
1,031 thetlert var. hancocki Edw., 2 were males, while in the case of 
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a | 
Town A. costalts A. funestus | *A.thetleri | A. moucheti | A. marshalli | A. pharoensis | tA. anise Sie 
| 
emai : | Sianinchoapataenndis ipiacaiheapeneitais 
M | F. | M.| F. | Mj F. | M.] FL | M.| FE] M. | FL | M.z F. M. F. 
\AMPALA 818 |8,295 | 614 | 7,115 | 2 | 1,029 | — — —_ — — — — -— _- — 
INJA 264 |1,651 | 979 | 10,019} — | — | 4 |5,683 | — — | mm | _ 291 — — 
orT PorTAL ...) — II 38 ss7|— —_— |— a — | ow ~ _ —_ —_ I 452 
Torar .-| 1,082 | 9,957 | 1,631 | 17,691 | 2 | 1,029 | 4 | 5,683 | — | 997 | — | 198 | — 291 I 452 
































t A. mauritianus var. ziemanni. 


* 4. theileri var. hancock. 
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Anopheles pharoensis Theo. and Anopheles marshalli Theo., of 
which 198 and 997 females respectively were captured, not a single 
male was identified. The collections of two other species of house- 
frequenting Anopheles, not found to be concerned in the transmission 
of malaria in Uganda, were also conspicuous for the absence of 
males. In the case of one species, Anopheles transvaalensis Carter, 
1 male was obtained out of 453 captured, while in the instance of 
Anopheles mauritianus var. ziemanni, out of 291 specimens, no 
males were found. 

Lamborn (1925) found that a relative abundance of males of 
Anopheles costalis and Anopheles funestus in native huts coincided 
with the increase of females. That this was not the case in Kampala 
is shown in the following Table (Table II), giving the monthly 
collections of both sexes for a period of rr months. A relationship 
does not appear to exist between males and females of Anopheles 
costalis and Anopheles funestus habitually frequenting dwellings of 
the indigenous population. 


TaB_e II 


Anopbeles costalis Anopheles funestus 





Month | Males 


Females Females 











June... me eas 7” 5 64 10°6 


July ahs ane ba 60 10°3 


| No. > 
| 
| 
| 


August es silt ~ 74 12°9 
September ... on re 54 12 

October... _ re 12 

November ... i ” 5 165 g°2 
December ... so aa 61 7°8 
January... bia cael | 54 6°3 
February... ~ sail 64 8-9 
March bed vi an 69 8-7 





April i ™~ os] | 47 8-5 
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With regard to the opinion often expressed that the prevalence 
of males in human dwellings is associated with their close proximity 
to breeding places, some evidence is tabulated below (Table ITI). 
The statement, which covers a period of rr months, gives the total 
number of adult specimens collected from an equal number of 
native huts situated in six different localities in the neighbourhood of 
Kampala, and shows the proportion of males to females. The huts 
in localities C, D and E were in the midst of breeding places, those 
of the second being the more extensive ; while, in the case of localities 
A, B and F, the dwellings occupied positions on the slopes of hills 
a short distance away. A study of the data presented will show 
that the prevalence of males of the species costalis and funestus in 
native huts is independent of their distance from breeding places. 
































Taste III 
Anopheles costalis Anopheles funestus | 
Locality | Approx. | | | Approx. | Remarks 
| Males | Females} propor- | Males | Females| propor- | 
tion | tion | 
LS | LT a | — -—— 
A | ang | 962 1:8 8 | 6 | 1:8 | Huts a short distance 
| | | from breeding places. 
B 100 1,530 1:15 7 140 | 1:20 | is 
( 32 | 426 e249 | = 1 69 | 1:23 | Huts in the midst of 
breeding places. 
D 322 3,290 1:10 434 5388 282 ‘ 
E | 159 1,211 1:8 143 1,195 1:3 | - 
F gI 876 1:9 19 259 1:14 | Huts a short distance 
| from breeding places. 
Total ..., 818 | 8,295 1:10 614 | 7,115 I: 1! | 


In Uganda, the prevalence of males of Anopheles costalis and 
Anopheles funestus appears to be largely a question of light. It will 
be seen from Table IV that the bright dwellings of Europeans at 
Jinja, during 4 months’ observation, yielded a much greater pro- 
portion of males than the dark native huts situated in a localitv 
very much nearer breeding grounds. 
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Tasre IV 
European houses Native huts . 
Month A. costalis A. funestus A. costalis A. funestus 
Males | Females} Males | Females} Males | Females} Males | Females 
June ... 5 I 33 19 23 135 | 120 959 
July ... 3 7 56 87 18 119 | 331 1,696 
| 
August 3 I 26 45 6 55 | 125 1,465 
September I I | 4 31 19 63 82 1,388 ‘ 
Total 12 10 11g 182 66 372 658 5,508 


























The collections made in European houses to ascertain the common 
domestic species in three other townships in the Protectorate support 


this observation. 


The details of these collections, which were 


kindly placed at my disposal by Mr. G. L. R. Hancock, Assistant 
Entomologist, are shown in Table V. Except in one instance, 
that of Anopheles funestus at Lira, where no males were captured, 
a comparatively high figure for this sex is recorded. 


TaBLe V 





European houses 














Town Anopheles costalis Anopheles funestus 
Males Females Males Females 
Soroti 20 37 67 114 
Lira 65 58 ene | 10 
Tororo 47 68 5 | 7 
Total 132 163 72 | 131 
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II. INFLUENCE OF DOMESTIC ANIMALS 


Symes (1930), at Taveta in Kenya, found a high human malaria 
parasite rate in dwellings infested with Anopheles costalis and 
Anopheles funestus which were occupied by both man and cattle, 
indicating that, in spite of easy accessibility to cattle, man was the 
favoured source of food. In the same district, Symes (1932) carried 
out precipitin tests on the stomach contents of 165 specimens of 
Anopheles funestus caught in dwellings shared by man and cattle, 
and found that only 6 examples contained the blood of the latter. 
The writer’s observations on the habits of these two species in 
Uganda tend to support these findings. While in the case of 
Anopheles mauntianus var. ziemanni, huts in which both humans 
and domestic animals lived proved particularly attractive, the 
presence of animals did not appear to influence either prevalence or 
infectivity in the case of Anopheles costalis and Anopheles funestus, 
the most important malaria-carrying species in the country. 

Table VI shows the prevalence and infection of Anopheles costalis 
and Anopheles funestus in two pairs of native dwellings, situated in 
the midst of extensive breeding grounds near Kampala. Of the 
first pair, goats and chickens were kept in hut D3 throughout the 
year’s observation, while in the other hut domestic animals were 
absent. The two huts differed as follows : 


Hut D2 Hut D3 
3 men and 2 women 6 men, 2 women and 3 children 
3 rooms 4 rooms 
2 raised beds 3 raised beds 
Domestic animals absent. Goats and chickens kept. 


They were both wattle and daub structures, thatched with grass 
and covered by a roof of petrol tins which had been opened out 
and laid on in the form of tiles. The rooms were small compartments, 
partitioned to a height of 5 to 6 feet and open to the roof, and with 
no inside doors. The second pair of huts, Dro and DII, were 
occupied by three women and one child, and one man and one woman, 
respectively. The inhabitants of both huts owned goats and 
chickens, but, whereas the owners of D10 housed them in a separate 
building, the occupants of D11 slept in the same hut as the animals. 
The dwellings were similar in every respect ; they were wattle and 
daub, thatched with grass, and contained 4 rooms and I raised bed. 
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TABLE VI 











Anopheles costalis Anopheles funestus 


ae = & 
Hut | Number caught | Number of | Percentage | Number caught | Number of | Percentage 
females | infected ~ females infected 


im | 
| Males | Females per room 








| 
Males | Females} per room | 























D2 | 48 | 514 171 17°5 73 931 310 15°6 
| | 

D3; 66 | 774 193 16°3 74 853 213 18 
j | 
| 

Dio 1 i S98 33 17°7 23 263 66 18-2 

Dit | 16 128 32 18-2 22 269 67 17°9 








It will be seen from Table VI that no appreciable difference in 
prevalence or infectivity exists between those huts in which both 
domestic animals and humans resided and those where man was the 
only occupant. If Anopheles costalis and Anopheles funestus favoured 
goats and chickens as a source of food, one would expect to find 
a higher infection rate and a relatively smaller number of these two 
species present in huts occupied by man alone. That the majority 
of Anopheles were captured in the inner rooms used by the human 
inhabitants and not in the outer room occupied by goats and chickens 
is additional evidence of a preference for human blood. 

In the case of Anopheles mauritianus var. ziemannt, there is no 
doubt that the presence of domestic animals plays an important role 
in the house-frequenting habit of this non-malaria carrying species. 
Table VII shows the prevalence of Anopheles in 24 native huts 
situated in two localities in the neighbourhood of Jinja for a period 
of 4 months. An occasional goat was present in several huts, but 
only in one hut in each locality (Br and Eg) was a herd housed in the 
same dwelling as the human inhabitants. The figures are significant, 
and show clearly that Anopheles mauritianus prefers the blood of 
goats to that of man. It is also worthy of note that most of the 
specimens of this species when captured in these two dwellings 
were taken near the ground. 
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Tasre VII 


Number of females caught 











Situation i | pa oe loa) 
A. mauritianus | A. costalis | A. funestus | A. pharoensis | A. marshalli 
var. ztemannt | 
Hut Br ... sen ‘a 80 | 61 38 13 
Average per hut for 11 
other huts in Locality B 3 | 70 110 7 | O'5 
| 
ERECT SE Se ee See ee —| siaeateechdeadiapiiilmdins citi 
Hut Eg... 0 ewe 49 | I 2 


Average per hut for 11 
other hutsin Locality E O°5 Ie 1°6 jen 03 














III. INFLUENCE OF SMOKE 


Garnham (1929), working at Kisumu in Kenya, observed that 
native dwellings with fires within contained few or no anophelines. 
Symes (1930), on the other hand, found no lack of Anopheles in 
native huts where the atmosphere was heavily charged with smoke 
and the roof inside black with carbon. In such huts at Isiolo and 
Taveta maximum catches were made. De Meillon (1930) records 
the presence of Anopheles funestus in smoke-filled native huts. 
The writer’s observations at Kampala in Uganda show that the 
presence of smoke due to cooking fires within a native hut does not 
inhibit Anopheles costalis and Anopheles funestus. 

Table VIII is a summary of one year’s catches in 42 native huts 
distributed about 6 different localities in the neighbourhood of the 
town. The collections represent Anopheles from an equal number 
of huts in which it was customary to light fires and do the cooking 
inside, and of those where cooking was usually carried out in another 
hut situated nearby. The huts varied much in size and were 
provided with no means of ventilation other than a small doorway. 
As far as possible, dwellings with a similar number of rooms are 
equally divided between each group. All the huts under consideration 
had a separate apartment for sleeping. In cases where the hut 
consisted of a single room, the bed was partitioned or curtained off. 
It is therefore apparent that mosquitoes were able to find a place 
less impregnated with smoke than the rest of the hut. 
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From Table VIII it is clear that, while the number of Anopheles 
costalis and Anopheles funestus captured in huts containing smoke 
is higher than those without, there is little difference in their relative : 
infectivity. | 





Tasre VIII 
« 




















Anopheles costalis Anopheles funestus 
Condition of huts Number caught | Percentage | Number caught | Percentage 
infected infected 
Males | Females Males | Females 
21 native huts with smoke ...|._ 284. ,_-2,687 18-1 196 2,181 16°3 
21 native huts without smoke...| 195 1,786 18-7 108 1,262 15°9 

















IV. INFLUENCE OF VEGETATION 


Two huts, structurally similar, in which conditions remained 
much the same throughout the year’s investigation, show strikingly 
how vegetation may influence mosquito density in native huts. 
They were situated on the slope of a hill near Kampala, some 
500 yards apart, at almost equal distances from the same anopheline 
breeding grounds and in a locality where comparatively few Anopheles 
mosquitoes were caught. 

Both dwellings were wattle and daub, thatched with elephant 
grass and partitioned into three small windowless rooms. A small 
door let into the east wall, kept open except at night and in the 
absence of the owner, led to a central apartment with a dark, badly 
ventilated room on either side. In each case cooking was done in 
another hut erected for this purpose nearby. In hut AI resided an 
elderly man and woman, who kept their home and immediate 
vicinity clean, and followed an active life, cultivating an extensive 
area around it with sweet potatoes. The occupants of hut Az were 
a man and two women, who paid little attention to their home, 
seldom cleaning the hut and allowing dense foliage of plantain 
trees and elephant grass to encircle its very walls. 

The bi-weekly searches over a period of one year yielded 18 costalts, 
2 funestus and 3 culicines in hut Ar, and 217 costalis, 25 funestus, 
17 theilert var. hancocki and gt culicines in hut Az. _ It is significant 
from these figures that hut A2 was considerably more attractive 
both to the anopheline and to the culicine mosquito. 











Bere 
pare 
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Vv. SUMMARY 


1. The inference to be drawn from the presence and prevalence 
of males of Anopheles in dwellings is discussed. In the case of 
the species habitually frequepting human habitations in Uganda, 
prevalence of males does“{ppear to be of much significance as 
indicating proximity or otherwise of breeding places or intensity of 
breeding. Evidence is presented which shows that in European 
houses males occur much more frequently than in native huts, 
and it is suggested that light may be a factor of importance. 

2. The most dangerous malaria-carrying species of Anopheles 
in Uganda, costalis and funestus, show a preference for man, whereas 
Anopheles mauritianus var. ziemanm, which occurred in appreciable 
numbers in human dwellings in one township, but was not 
incriminated in the natural transmission of malaria, was definitely 
attracted to native huts by the presence of goats. 

3. Smoke of the amount usually produced by wood fires when 
cooking is carried out within a native hut does not appear to influence 
infestation by Anopheles costalis and Anopheles funestus. 

4. Dwellings surrounded by dense vegetation were found to be 
particularly attractive to Anopheles mosquitoes in Kampala. 
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I. INTRODUCTION 


No tropical disease has received more attention than malaria, 
and a considerable literature is available in every country where it 
occurs regarding the amount of human malaria, and, though to 
a lesser extent, the number of and infection rate amongst the local 
anophelines. Yet it is usually impossible to calculate from the 








*Most of the figures quoted in the following paper have been taken from a previously published 
article on a mosquito survey of Freetown and Kissy (Gordon, Hicks, Davey and Watson, 1932), and, 
with the exception of those other figures for which a specific reference is given, the source will not 
again be referred to. 
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data given one of the most important points regarding the disease— 
that is, the relative concentration of infective anophelines in different 
localities or amongst different species. 

In a recent mosquito survey of Freetown and Kissy, Sierra 
Leone, information was collected regarding all the points which at 
the time were considered to have any bearing on the role of 
anophelines locally in the spread of malaria. As a result of the 
survey it was found possible to draw a comparison between the 
anopheline density and infection rate in the village of Kissy and in the 
city of Freetown, and it was shown that the anopheline density 
was 34 times as great in Kissy as in Freetown, while the all-species 
infection rate remained similar. Again, it was suggested that in 
Kissy A. costalis, owing to its higher infection rate, was possibly of 
more importance than A. funestus, although the latter outnumbered 
this species numerically. After the publication of this paper, we 
came to the conclusion that, with the detailed information collected 
regarding some 5,000 anophelines captured and 3,000 dissected, it 
should be possible to translate these somewhat indefinite statements 
into precise figures. We now believe that this can be done by 
combining the figures for the anopheline density and infection rate, 
and thus estimating the average number of infective anophelines 
(i.e., anophelines with sporozoites in the glands) per room per night— 
that is to say, the density of infective anophelines. The present 
paper is published in the hope of inducing other workers to include 
in their surveys these two figures which are essential to the 
calculation of infective density, and therefore to the estimation 
of the risk of inoculation with malaria. 

For the purpose of the present paper, we propose to consider 
malaria as a disease solely contracted in the house. In every 
country a certain number of infections are undoubtedly contracted 
out of doors, and in some countries this outdoor risk is high ; on the 
whole, however, the vast majority of infections are acquired indoors, 
and it seems probable that the general concensus of opinion amongst 
malariologists is in agreement with Clayton Lane (1931), who, 
having reviewed the literature concerning ‘ Housing and Malaria,’ 
concludes his article with the words: ‘These various lines of 
investigation press with cumulative force the conclusion that the 
house is a factor of primary importance in the acquisition and 
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spread of malaria.’ In Sierra Leone, and in West Africa generally, 
the risk of outdoor infection is very small. In a previous report 
on a mosquito survey (Gordon eé al., 1932), it was shown that 
A. costalis and A. funestus were almost the sole vectors of malaria 
throughout West Africa, and that both were essentially house- 
haunting species and were seldom captured biting out of doors. 
These observations have been continued and confirmed, only 
35 A. costalis and 17 A. funestus being captured biting out of doors 
in August, during a period of 100 boy hours. At the same season 
of the year, the anopheline density in houses, as reported in the 
paper quoted above, varied between 10 and 20 per room per night. 
These findings confirm those of Barber and Olinger (1931) in 
Nigeria, and show that in West Africa, though outdoor biting 
anophelines must play some small part in the transmission of 
malaria, yet the infective density, as calculated from the collections 
in houses, represents for all practical purposes the number of infective 
anophelines occurring in the district. 


II. PREVIOUS METHODS OF CALCULATING THE ANOPHELINE 
INFECTIVE DENSITY 


Ross (1910) proposed a formula for estimating the risk of malaria 
infection which requires knowledge regarding both the number of 
gametocyte carriers and the number of anophelines in a district. 
The final condensed expression of his formula is that ‘ the inoculation 
rate per hundred of population equals about half the malaria rate 
[i.e., the percentage of persons who contain plasmodia at some 
given moment] multiplied by the mosquito ratio [the number of 
anophelines to each human being].’ The full formula of which 
this is an approximate abbreviation is, however, affected by two 
factors, both of which are assumptions, and, as Ross himself states, 
‘are conjectured on a basis of general probability, not determined 
by investigation.’ In this method Ross substitutes for the actual 
anopheline infection rate based on dissections, an estimated 
anopheline infection rate based on the ratio of the numbers of 
anophelines to the numbers of gametocyte carriers in the district. 
Waite (1910) also treats mathematically the data supplied by 
Ross’s report on malaria in Mauritius, but here again numerous 
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assumptions are necessary. Further, both these methods introduce 
an unnecessary inaccuracy, since the anopheline infection rate 
can be obtained as a result of dissection. 

At the present time, the amount of malaria amongst the 
anopheline population, and therefore awaiting distribution amongst 
the human population in any district, is only vaguely estimated by 
considering the figures for the anopheline density and the anopheline 
infection rate. Obviously, if both are high, then the inoculation 
rate will also be high; if both are low, the inoculation rate will 
also be low; but if one is high and the other low, the reader is 
left to draw his own conclusions regarding the ‘ malariousness ’ 
of the district, while only too often but one of these two factors is 
quoted. Clearly, an estimation of the number of anophelines 
occurring in a district is by itself of little value: for example, in 
certain localities in England there exists a higher anopheline density 
than in some malarious districts in the tropics. Again, a high 
anopheline infection rate in one district does not necessarily indicate 
that there is a greater risk of contracting malaria than in another 
district where the anopheline infection rate is low; in parts of 
India the anopheline infection rate is extremely low, but the great 
density of anophelines compensates for this, and a high rate of 
human malaria results. These facts may appear self-evident ; 
yet in the recent literature in many instances only one of the 
two essential factors is quoted. Even when both figures are given, 
it may still be difficult accurately to estimate the density of infective 
anophelines until they are reduced to a single term. We may here 
discuss two exceptions to the foregoing criticism, where attempts 
have been made to combine the anopheline density and the anopheline 
infection rate and express them as a single figure. Anderson (1931), 
in a small survey carried out in Southern Nigeria, estimated what 
he refers to as ‘ the infective danger factor’ in several localities ‘ by 
multiplying the mean quarterly intensity by the quarterly 
infectivity.’ The formula used by Anderson has this disadvantage, 
that under the infection rate he includes gut infections together 
with salivary gland infections—therefore his result does not refer 
to the possible number of infective bites received (the real infection 
danger) ; the actual infective danger factor in the districts examined 
by him would be lower than the figure he gives, calculated on the 
general infection rate amongst anophelines. Manalang (1931) has 
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proposed a simple method of calculating the inoculation rate. 
Using a trap house with human bait, he estimated the anopheline 
density as the number of anophelines entering the trap during 
monthly periods. He defined ‘ infective density’ as the ratio of 
sporozoite infected anophelines to the total anophelines captured 
in the period, expressed as one salivary gland infected anopheline 
amongst so many anophelines per month. For the purpose of 
comparing together different districts or seasons he calculates, 
on the basis of the factors quoted above, the average length of 
time during which a person would have to live in a trap in a particular 
district in order to receive one infected bite. Manalang’s method 
would appear to suffer from the following defects: (1) The use 
of a single trap house restricts the observation to one small area, 
and the samples of anopheline density and infectivity obtained 
might not be representative of the whole locality under consideration. 
Whereas in many districts, where the anophelines tend to leave the 
house after feeding, a trap would give more accurate information 
than an examination of the houses in the early morning, yet in 
West Africa on the whole the anophelines show little such tendency, 
and an examination of a number of houses of different types in 
a given area gives a more correct figure for the density of anophelines 
in that district than does a single trap house. (2) The factors 
used in his formula are not always clearly defined. Thus, in 
estimating anopheline density, no reference has been made to the 
fact that male anophelines must not be included, since these do not 
represent potential vectors of malaria, and hence must be excluded 
from any calculation of the density of infective anophelines. Again, 
unless every mosquito collected is dissected (usually a difficult 
object to achieve), some allowance must be made for those not 
examined ; no reference to any such allowance is made by Manalang. 
(3) It would appear to be unnecessary when using a trap to calculate 
the infective density as defined by Manalang, i.e., the ratio of 
infective anophelines to the total anophelines caught. The real 
density of infective anophelines, that is, the number of infective 
anophelines in a given area—in this case the trap house—may be 
more simply stated as the number of infective anophelines which 
entered the trap during the month, for, from the point of view of 
immediate risk of malaria inoculation, it obviously does not matter 
how many uninfected anophelines entered the trap. 





32 


III. DEFINITION OF THE PROPOSED FORMULA AND OF THE 
FACTORS INVOLVED IN ITS CONSTRUCTION; ITS USEFULNESS 
AND ITS LIMITATIONS 


Before it is possible to discuss the malaria inoculation rate, which 
will be considered in another section, it is necessary to calculate 
the density of infective anophelines, which is the main factor 
influencing and, for purposes of comparison, representing the 
inoculation rate. 

If it were possible to catch and examine every anopheline that 
entered a particular room during 24 hours, then the number of 
female anophelines captured would represent the anopheline density, 
and the number of these infected in the glands the anopheline 
infective density in that room for that day. But the number of 
anophelines entering varies in the same district in different houses 
and at different seasons, so that, in order to assess the average 
anopheline density and infective density, it is necessary to take 
samples not only from different houses but at different seasons 
of the year. The figure thus obtained represents the average 
number of female anophelines found at the time of examination 
of the houses in the early mornings ; but, in order to calculate the 
number of female anophelines which were present in the houses 
during the night, it may be necessary to increase this figure by 
adding to it a previously estimated amount representing the number 
of anophelines which had left the houses before the time of their 
examination ; thus it is suggested in the previous report that the 
small number of anophelines found in the early morning in bright 
airy houses in Freetown is probably due to a proportion of them 
leaving such dwellings before the time of search, rather than to 
their disinclination to enter such houses. Although in many 
localities the proportion of anophelines thus leaving the houses is 
probably sufficiently large to affect appreciably the density, we do 
not think it is so in the case of our figures for Freetown and Kissy, 
where the majority of houses searched were of the small dark type, 
from which we believe few mosquitoes fly out before dawn. The 
figures quoted, therefore, for the density in Freetown and Kissy 
probably fall little short of the actual density during the night. 
In the case, however, of localities where it is known that the 
proportion of mosquitoes leaving before dawn is significantly large, 
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allowance must be made for it, and this allowance is expressed in 


‘ ’ $3 


our formula under the term ‘x’. We see no reason why 
should not be calculated, by means of traps, etc., but in Sierra Leone 
our attempts to do so have so far been unsuccessful. 
The estimation of the anopheline density is simple, and since 
more than one house is examined the following formula is used : 
Total number of female anophelines captured + ‘x’ 
Total number of rooms examined. 











Again, since it is often impossible to dissect all the mosquitoes 
captured, the anopheline infective ratio is estimated from the 
formula :— 

Total number of sporozoite infected anophelines 


Total number of female anophelines dissected. 





By multiplying together the anopheline density and the ratio of 
infective anophelines, we obtain the average number of infective 
anophelines per room per day, i.e., 


Total number of female Total number of sporozoite 
anophelines captured + ‘*"  _ infected anophelines 

Total number of rooms 4 Total number of female 
examined anophelines dissected 


—this equals the density of infective anophelines, that is to say, the 
number of sporozoite inoculations awaiting distribution in each 
room each night, which in future we propose to refer to as ‘ The 
Anopheline Infective Density,’ or briefly ‘ The Infective Density.’ 

The formula thus given represents the actual infective density, 
and if the term ‘ x’ is known it will enable us to compare together 
the anopheline infective densities of localities in different parts 
of the world, so long as the species transmitting malaria are indoor 
biters. What we wish to emphasise at this point ts that when comparing 
together infective densities, so long as the anophelines, whether of one 
or more species, behave similarly as regards the period of time they 
vematin in the house after their blood meal, the modifying term ‘ x’ does 
not require to be taken into consideration, as tt is a factor common to 
both the infective densities. We have shown that in West Africa 
only two species are concerned with the transmission of malaria, 
and we believe that all the literature concerning these species, 
A. costalis and A. funestus, tends to show that they are essentially 
house-haunting species and possessed of the same habits, so that in 
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comparing together infective densities in West Africa the term ‘ x 
may be omitted from consideration. 

We believe that the use of this method of expression is of 
considerable practical value; for example, a Medical Officer has 
the choice of two sites for occupation by troops, both of which 
appear to be equally suitable, but previously obtained figures show 
that in one of the localities 2,000 female anophelines of certain 
species were captured in 80 rooms, 1,500 of these were dissected 
and go found to be infected in the salivary glands. In the other 
area, 3,000 anophelines of the same species were taken in 250 rooms 
and 200 found to be infected with sporozoites in a total of 2,500 
dissected. In which area is the inoculation risk greatest ? Expressed 
as infective density, the relative risk in the first district is :— 


2,000 go 
—— X —— = I§0. 
So I,500 
In the second district the corresponding figure is :— 
3,000 200 
—— x —— = 0:06. 
250 2,500 


In short, the first district contains about 50 per cent. more 
infective anophelines than the second. Again, its value to the 
Medical Officer of Health is equally obvious, for by means of it he 
can chart the progress effected by anti-malaria measures over 
varying periods. From the same point of view, it allows an 
estimation to be made of the part played by different species of 
anophelines in the local transmission of malaria, a matter of 
importance nowadays when general anti-larval measures are tending 
to give place to more specific methods directed against individual 
species. 

As we have already pointed out, the accuracy of the results 
obtained by this method will be affected by the size and thoroughness 
of the survey carried out. No law can be laid down as to the 
number of houses which should be examined, the same rules apply 
as in mosquito surveys generally and they vary from place to 
place. Again, in West Africa and elsewhere, marked seasonal 
variations occur in anopheline density and to a less extent in the 
infection rate, so that the ideal to be aimed at is a 12 months’ 
observation period. 
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IV. THE RESULTS OF APPLYING THE FORMULA IN WEST 

AFRICA TO ESTIMATING (1) THE RELATIVE IMPORTANCE OF 

A. COSTALIS AND A. FUNESTUS AS VECTORS OF MALARIA, 

(2) THE RELATIVE INFECTIVE DENSITIES IN DIFFERENT 
LOCALITIES 


We have already shown that in West Africa only two species of 
anophelines (A. costalis and A. funestus) are concerned in the house 
transmission of malaria, and we believe that they behave similarly 
as regards their length of stay in a house after a blood meal. 
Therefore, in comparing infective densities in West Africa, the 
term ‘x’ (representing the proportion which leaves a house before 
dawn) is omitted from our calculations. 

(1) The relative importance of A. COSTALIS and A. FUNESTUS as 
vectors of malaria. In the report on the mosquito survey of Freetown 
and Kissy, figures were given for the total anophelines captured, 
together with the number per room and the percentage found 
infected in the glands. In Freetown A. funestus did not occur in 
appreciable numbers, while in Kissy the following data regarding 
the two species were obtained :— 








Female | | Percentage 








Rooms Species anophelines | Rate per room Total infected with 
examined captured | dissected sporozoites 
A. costalis... 1,630 2°8 1,157 II'l 
582 





A. funestus ... 1,938 3°3 907 41 





All the necessary figures for calculating the infective density 
are thus available; but as the sporozoite infection rates are here 
expressed as a percentage, it is necessary to divide by 100 to obtain 
the anopheline infective ratio, so that these figures become 0-111 and 
0-041 respectively. We can now express in a single term the 
infective density of A. costalis as 0-311 and of A. funestus as 0-135 ; 
that is to say that at Kissy, averaged over a period of 12 months, 
although there were only 28 A. costalis in every 10 rooms as compared 
with 33 A. funestus, there was one infective A. costalis in every 
third room every night, whereas there was only one infective 
A. funestus in every eighth room. Further, we can also state that, 
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since these two species are the only anophelines occurring in 
significant numbers at Kissy, A. costalis is responsible for some 
70 per cent. of the malaria transmission there, as compared with 
30 per cent. by A. funestus. 

(2) The relative infective densities in different localities. Since 
Freetown represents a locality in which systematic anti-anopheline 
measures have been carried out on a gradually increasing scale for 
some 30 years, and since the neighbouring native village of Kissy 
differs but little from any unsanitated village anywhere in the 
Colony, it is of particular interest to compare the infective densities 
in these two localities. The anopheline survey of Freetown and 
Kissy has shown that in the wet season the combined anopheline 
rates were as follows :— | 

















Freetown | Kissy 
Total rooms examined ca “ wes os wo oo se 3,005 z 320 
Total female anophelines caught... me tn shen les se 1,201 | 3,340 
Total female anophelines dissected : dee os sis ie si 1,153 | 1,855 
Total female anophelines with sporozoites ae ae si a 70 | 150 








Applying the formula as in our previous examples, we obtain 
the following results: infective density in Freetown 0:0242, and in 
Kissy 0-844. That is to say, the infective density in the unsanitated 
native village of Kissy is 34 times as great as in the neighbouring 
sanitated city of Freetown, a concise expression of the results of 
prolonged anti-mosquito measures. 

In West Africa generally, few records of both the anopheline 
density and the anopheline sporozoite rate are available. Barber 
and Olinger (1931) published figures which enable us to estimate 
the infective densities* in two areas in Nigeria (Lagos and its suburbs, 
and Ibadan) and to compare them with the infective densities in 
Freetown and Kissy. All four figures quoted below are for the 
same period of the year and all species are included. In Freetown 
and Lagos, A. costalis represents nearly 100 per cent. of the total 
anophelines captured ; while in Kissy and Ibadan, 4. costalis and 


* The figures given by Barber and Olinger for the anopheline density may include a certain 
proportion of male anophelires, but probably these latter do not represent more than 10 per cent. of 
the total catch. The infective density will therefore be slightly lower than the figure estimated. 
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A. funestus together comprise almost the entire anopheline collections 
The anopheline infective densities in the various towns were found to 
be as follows :— 


Freetown ... vi ni ‘i .. 0°024 
Ibadan i a i ih - «= Os 
Lagos and suburbs = sti 5  0°403 
Kissy om i ii a vas! Ota 


We have already shown that the anopheline infective density in 
Kissy is 34 times as great as in Freetown, and it can now be seen 
that in Ibadan it is 4 times, and in Lagos 17 times, as great. 


V. SEASONAL VARIATIONS IN THE INFECTIVE DENSITIES 
IN DIFFERENT LOCALITIES 


It is well recognised that the risk of contracting malaria varies 
in most localities at different seasons of the year, usually bearing 
some relationship to the rainfall, and we have shown that it must 
be directly proportional to the anopheline infective density. This 
variation will be dependent on changes in the anopheline density, 
in the anopheline infective ratio, or in both these factors. 

In Freetown, anophelines were so rare in the dry season that 
workable figures were not obtainable; almost certainly the 
anopheline density did not exceed 0-02 per room with an infective 
ratio of not more than 0-06; that is to say, the infective density 
during the dry season is below, and probably very much below, 0-0012. 
In the rains the infective density is shown to be 0-024, that is to say, 
20 times as great. Expressed in a more graphic form, there is 
one infective anopheline nightly in Freetown to every 833 rooms 
during the dry season, and one to every 42 rooms during the rains. 
This figure may seem fantastically low, and we have stated that it 
probably is slightly below the actual figure, but we believe it is 
only slightly so, and when we compare it with the figures for villages 
in an unsanitated condition, searched with exactly the same 
technique, we observe that they present a very different picture 
throughout the year and particularly during the dry season.* 





* That the infective density in European ‘ bush camps’ may rise to astonishing heights even in the 
dry season, when the camp is in the vicinity of a native village, was impressed on us during a three 
weeks’ survey in March, 1931, of a temporary mining camp. In this camp the anopheline density, 
estimated by daily examinations of some 10 houses, was 2*9, and the infective ratio based on 250 
anophelines dissected was 0-141, giving an infective density otf o-41. 
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In Kissy, our figures are adequate for the whole year, and below, 
in Graph I, we show the seasonal variation in the anopheline infective 
density and the parts played by A. costalis and A. funestus in 
determining it. The total anophelines captured in Kissy during 
the 12 months’ observation period were A. costalis 1,630, A. funestus 
1,933, A. mlt 27 and A. rhodesiensis 19. Thus the numbers of 
species other than A. costalis and A. funestus were too small to 
allow of individual graphs being drawn. None of the A. rhodesiensis 
captured were infected, so that their infective density is 0. 

Irom Graph I it can be seen that a very striking difference 
existed in Kissy between the infective densities in the wet and the 
dry seasons, the average dry season figure for all species being 0-075, 
or one infective anopheline in every thirteenth room, and during 
the rains 0-84, or 10 infective anophelines to every 12 rooms. At the 
onset of the rains, there was an immediate rise, culminating in 
a maximum of 1-9 in July (i.e., almost 2 infective anophelines per 
room per night), but this high rate was only maintained for another 
month, after which a steady and rapid fall in the infective density 
ensued. It can also be seen that A. costalis was almost entirely 
responsible for maintaining the infective density throughout the 
year; <A. funestus only affected markedly the general infective 
density in July, August and September, and during these months 
only rose to a maximum of 0-8, a point of considerable interest in 
view of the fact that during August, September and October, 
A. funestus numerically predominated over A. costalis in the 
proportion of approximately 3 to I. 


VI. THE ESTIMATION OF (1) THE INOCULATION RATE, AND 
(2) THE INDIVIDUAL INOCULATION RISK 


(1) The inoculation rate. Up to this point we have been dealing 
with facts capable of direct calculation, and have shown that the 
relative infective density can be estimated with a correctness the 
degree of which is dependent on the extent of the survey, so that the 
infective densities in different localities or of different species may be 
compared together, so long as the species in question possess similar 
habits. Thus, throughout West Africa, where the transmitting 
anophelines are always of the same two species, and where both 
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Showing the seasonal variation in anopheline infective density for all species at Kissy (A), and 
the parts played in determining it by 4. costalis (B), and A. funestus (C). 
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species possess similar habits, the infective densities of any localities 
and of the two species may be compared together with considerable 
accuracy. We have further suggested that when comparing districts 
where the habits of the anopheline vectors are dissimilar, com- 
parisons may still be drawn by making allowance for the proportion 
of anophelines in each district which leave the house before the time 
of its examination in the morning. 

We have defined infective density as representing the number of 
sporozoite inoculations awaiting distribution in each room each night ; 
similarly, we propose to define the inoculation rate as the number of 
sporozoite inoculations distributed in each room each night. Since 
the inoculation rate must vary directly with the infective density, 
this latter is the only calculation necessary when comparing different 
localities. It is, however, of some interest to estimate what fraction 
of the infective density represents the inoculation rate, for it seems 
reasonable to assume that it may be estimated with a considerable 
degree of accurasy. Unfortunately, up to the present time, we have 
failed to collect precise information on two factors which are necessary 
to its exact determination, and we therefore have to introduce certain 
hypotheses. If every infective anopheline that entered a house fed 
the same night, then the inoculation rate would exactly equal the 
infective density, but it has been shown (as a result of examining the 
guts of 600 anophelines from different houses in Kissy) that 92 per 
cent. were fed and showed evidence of having partaken of a blood meal 
within 48 hours previous to capture. Unfortunately, so far we have 
been unable to determine more accurately the time of feeding, so that 
we cannot say what proportion of these fed anophelines had taken 
blood on the night prior to capture, and what proportion during the 
24 hours previous to that. It is reasonable to assume that only a 
proportion had fed during the night before capture, for as a result of 
diffusion experiments we concluded that the anopheline population 
in Sierra Leone changes nightly in every house, and that many 
anophelines probably enter another house before digesting their 
blood meal and with no desire for a further feed that night (Gordon 
et al., 1932). It is obvious that all the infective anophelines captured 
in a room or an area will be considered in the infective density, but it 
is equally obvious from the results quoted above that only a propor- 
tion of these will represent bites that have actually been distributed 
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the previous night, and due allowance must be made for this fact. 
Further than this, a certain number of anophelines will bite more 
than once owing to ‘interrupted feeding,’ and hence the actual 
number of bites distributed would be greater than the number 
estimated on the basis of one bite per infective anopheline. Let 
us assume that one-half of the anopheline collections in the morning 
had fed on the night previous to capture, this proportion to include 
the interrupted feeds. Then to obtain the inoculation rate it is 


necessary to divide the infective density by two. Thus, during the 
wet season in Freetown the inoculation rate would be “4 = 0-012, 
that is to say, one infective mosquito bites in every eighty-fourth room 
per night ; in Kissy, during the same period, the rate would be 0-42 
(approximately I in every 2} rooms), and over the whole year 0-21 
(that is I in every 5 rooms). 

It is clear that this calculation of the inoculation rate is based 
on an assumption, and probably only approximates to the actual 
figure ; in the same way, the individual inoculation risk, since it is 
based on the inoculation rate, will be subject to the same error. 

(2) The individual inoculation risk. We use the term‘ inoculation 
risk’ in preference to the more usual term ‘ malaria risk,’ as the 
former is capable of direct calculation, while in the case of the 
latter the personal factor (immunity, prophylaxis, etc.) renders it 
incalculable, and we define it as the number of sporozoite inoculations 
received by each individual in each room each night. If the 
inoculation rate in a room is, for example, 1-0, and only one person 
is sleeping in that room, then that individual receives one infective 
bite per night; but if two persons share the room, then the risk 
is divided between them, and on the average the risk of sporozoite 
inoculation for each individual is half the inoculation rate ; so that, 
in attempting to estimate the individual inoculation risk in any 
locality, we must take into consideration the average density of the 
human population per room. It is unfortunate that at present 
we are not in a position to give more than an approximate figure 
for the inoculation rate, since the individual inoculation risk is 
directly and accurately calculable from it, so long as the number of 
occupants of the sleeping rooms is known, and this figure we have 
obtained for all the houses searched for anophelines in Freetown 
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and Kissy. In an examination of approximately 600 houses in 
Freetown, the population density was found to be 1:9 per sleeping 
room, so that the individual risk in Freetown is equal to half the 
inoculation rate. In Kissy, a rural.community, the population 
density is slightly higher on the average, and in some individual 
cases is extreme, the average being 2:2 per room, and in one three- 
roomed house 4:6 per room. On the basis of these figures, the 
individual inoculation risk may be calculated for Freetown as being 
0:0063 during the rains, and in Kissy, during the same period, as 
being 0-19, some 30 times as great as in Freetown. 

How great is the risk of infection and re-infection with malaria 
run by every occupant of a house with a high anopheline infective 
density is shown by the following account of a house in Kissy where 
the anopheline infective density was unusually high. In this 
house, where adequate figures were obtained, the anopheline density 
for the whole year averaged 23-6 per room, varying from 2:6 to 
45 per room, and the infective density for the year was 3:17. If, as 
before, we assume the number of infective anophelines biting to be 
50 per cent. of the total caught, then the inoculation rate would 
be 1°58, and as there were g people (6 adults and 3 children) inhabiting 
3 rooms, then the individual infection risk would equal 0:53. That 
is to say that, averaged over the whole year, each person in that 
house would receive an infected bite every other night, or approxi- 
mately 193 malaria infected bites in the year. 

We have proved that the individual inoculation risk in Kissy is 
many times as great as in Freetown. Is it reasonable to expect 
that a marked difference exists between the human malaria rates 
in these two localities ? 


VII. THE RELATIONSHIP OF THE ANOPHELINE INFECTIVE 
DENSITY TO THE HUMAN MALARIA INFECTION RATE IN 
A DISTRICT 


It has been shown that during the wet season in Freetown 
the average number of infective bites received per person is probably 
less than I every 3 months, and that during the dry season the 
individual inoculation risk falls far below this; yet in a previous 
paper (Gordon and Davey, 1932) we showed that the human infection 
rate amongst 200 native children aged from 3 to 14 years was over 
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50 per cent. when examined during the dry season. Again, during 
the present investigation, we examined 280 school children in 
Freetown and a similar number in the native village of Kissy during 
the height of the wet season ; in the former the infection rate was 
found to be 81 per cent. and in the latter 92 per cent., a very small 
difference in the human malaria rate when it is remembered that 
the difference in the anopheline infective densities in the two districts 
was as I to 30. In Freetown, therefore, the examination of the 
human population suggests a highly malarious district, whereas 
the examination of the anopheline population would, on the contrary, 
indicate a very low malaria risk. We believe that this lack of 
correlation between the infective densities and the proportion of 
school children found infected with malaria in the two districts is 
due to the fact that fresh infections are not usually followed by 
complete recovery, but that the parasites reappear intermittently 
in the peripheral blood. Thus, the great difference between the 
small number of fresh infections occurring per person in Freetown 
and the large number occurring in Kissy becomes lost in the mass of 
relapses common to both districts; we think, therefore, that the 
relapse rate is very much higher than the primary infection rate. 
Where, however, as in Kissy, the infective density is very high, 
the significance of the relapse rate is not noted, because already 
a high primary infection rate must exist, and an additional relatively 
small proportion of relapses is sufficient to produce a malaria incidence 
of nearly 100 per cent.; in short, we cannot by examining the 
human population distinguish between saturation and_ super- 
saturation. With our present lack of knowledge regarding the 
duration of the primary attack and the number and duration of the 
subsequent relapses, the estimation of the malaria incidence in the 
general population is of little value as an indication of the malaria 
inoculation risk in a community. 

If, therefore, we wish to ascertain what correlation exists between 
the anopheline infective density and the human malaria rate, we 
must conduct our investigations amongst that section of the 
population that is exposed to infection for the first time ; that is to 
say, the non-immune newcomer to the district, or else the infant 
population during the first few months of life. 

If this theory is correct, then the great difference in the anopheline 
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infective densities in Freetown and Kissy, although its effects are 
not reflected in the malaria incidence amongst the older school 
children in these localities, should be clearly demonstrable in the 
respective malaria infection rates of the children of less than one 
year old. The ideal method of testing this theory would be to 
examine a number of children in both localities at short intervals 
from birth onwards, in order to discover at what average age period 
the first infection occurred amongst the infants of each community. 
This method was not at the time practicable, and instead the plan 
we adopted was to examine simultaneously during the most intensely 
malarious months of the year, both as regards the human infection 
rate and the anopheline infective density, as many infants under 
a year old as were available in two communities in which the 
anopheline infective density for the same season of the year had 
already been ascertained. In Kissy, at this time of the year, the 
known infective density was 1-209, and the total number of children 
available under a year old was 82; in Freetown, the infants were 
selected from the same area as that in which we had previously 
ascertained that the anopheline infective density was 0-031. Here 
again the number of children of a suitable age was limited, as 
a prophylactic quinine campaign was at the time in progress amongst 
infants in this hyperendemic area, and all children who had received 
quinine had to be excluded; in all, we examined 72 infants in 
Freetown under a year old. The children in the two localities 
were divided into 4 three-monthly age periods, and the results of 
their blood examinations are compared below in Graph II. In order 
to compare accurately the age incidence of malaria amongst those 
older children in Freetown and Kissy, the general infection rates 
amongst whom have already been discussed, the results of their 
examination are also included in the graph in 5 two-yearly age 
groups. It was unavoidable that the total number of cases examined 
was small, but the regularity of the graphs obtained appears to 
prove that the results represent those that would have been obtained 
from larger figures. 

The comparison of the infection rates in Kissy and Freetown 
amongst children from birth to 12 months, as shown in Graph II, 
would appear to prove the truth of our hypothesis, that the difference 
in the anopheline infective densities of two localities will be reflected 
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in the human infection rates during the earliest months of life, and 
this difference will become less as the child grows older. Thus in 
the first 3 months of life of children living in the high infective 
density of 1-29 in Kissy, no less than 52 per cent. were found infected 
on the day they were examined, whereas in Freetown, where the 
child lives in the comparative freedom from inoculation represented 
by an infective density of 0-031, only 5 per cent. showed parasites. 
With each few months of advancing age, this original great difference 
steadily diminishes ; thus, in the six-months age group, the infection 
rates in Kissy and Freetown are respectively 83 per cent. and 41 per 
cent., in the nine-months age group 8g per cent. and 59 per cent., 
while in the twelve-months age group they are 93 per cent. and 
70 per cent. respectively. The occurrence of relapses in regularly 
increasing numbers appears to be the most reasonable explanation 
of the fact that this difference in the infection rates of the two 
localities steadily decreases from 3 months onwards, so that from 
10 months to 12 years, the limit of our observation period, an 
average difference of about I5 per cent. is more or less steadily 
maintained. This figure certainly does not represent the great 
difference in the anopheline infective densities of the two localities, 
although, as we have already pointed out, once the infection rate 
reaches 100 per cent., it becomes impossible to differentiate between 
saturation and super-saturation. 

We can, therefore, at this point answer our own question of the 
previous section as to whether it is reasonable to expect that a great 
difference in the anopheline infective densities in two localities will 
result in a marked difference in the respective malaria rates amongst 
their inhabitants. The answer appears to be that little difference 
may be expected in the general infection rate, but that a great and 
maximum difference will be found in the respective birth to three- 
months age groups. 

As already stated, the only figures available from which anopheline 
infective densities in West Africa can be calculated are those of 
Barber and Olinger (1931) and Anderson (1931). The latter gives 
no relevant figures regarding the malaria infection rate in his locality, 
but the former give very extensive and precise estimations of the 
human malaria rate for various age groups in Nigeria, most of 
these figures being derived from children examined in Lagos and its 
suburbs, a district in which we have already shown the anopheline 
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infective density to be intermediate between those noted in Freetown 
and Kissy. One would expect, therefore, that a graph of the 
infection rate amongst children of age groups similar to those 
examined in Freetown and Kissy would fall intermediate between 
the graphs depicted for Freetown and Kissy. That it actually would 
do so to a remarkable extent is shown by the figures quoted in the 
Table below ; in spite of this, for various reasons we consider that 
too much significance should not be attached to this additional proof 
of the relationship between infective density and the parasite rate 
in young infants. Whereas our figures represent simultaneous 
examinations in the two most malarious months of the year amongst 
children living in a limited area where the anopheline infective 
density was known, Barber and Olinger’s figures for the anopheline 
density and infection rate (from which we have calculated the 
infective density) represent an average over a very large area, 
but we have no means of knowing that the infection rate amongst 
the children is averaged over the same area. 

The correlation of these three sets of figures with their respective 
infective densities is remarkable, and it will be noted how small are 
the differences in the figures for malaria incidence amongst the 
older age groups of the children examined. 

With only three sets of figures at our disposal, it would be 
unwise to postulate any definite ratio between the anopheline 
infective density and the primary infection rate amongst young 
children. The ratio will probably be found to be in the nature of 
a steady progression, that is to say, if they were graphed against 
each other the product would probably tend to follow a straight line. 


VIII. SUMMARY AND DISCUSSION 


We believe that in the present paper the following points have 
been demonstrated : 

(1) The estimation of the density of infective anophelines is 
a matter of importance to any community in which malaria exists. 
The method of calculating it, which we have described, has certain 
advantages over the few formulae previously suggested: it is 
practicable, and involves no collection of data other than those 
readily available during the course of a routine anopheline survey. 
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Table showing the malaria infection rate noted amongst children living in three towns in West 


Africa where the anopheline infective density was known. 


quoted from Barber and Olinger (1931). 


The figures for Lagos and suburbs are 




















Locality Freetown Lagos and its suburbs Kissy 
Anopheline infective 
density 0031 0°61 1'29 
Ages Percentage Percentage Percentage 
positive positive positive 
I month | 25°0* 
2 months > 4°8 51°6 
3 ” j 22°4 
4» } 29°7 } 
| tc 
| 
6 5, J 
7 ] 
8 ” [ 58 8 > 57°6 f 89°5 
9» J J 
Io 4, ) 7 
| 
a ( 70°6 } | 922 
I2 5, J goro 
2 years 83°7 93°6 100 
3» } 98-2 ) 
4 81°8 i 100 
4 oo» 93°6 
5» | ; : 
82:5 97°6 
6, J 93°7 J 
a 4 
7 » | 
> go’o a 100 
8 ” J J J 
9 5 : ) 
76:3 92°0 
Io ,, J 86°7 
it i >} 
> 79°0 es 
is ~ J J 





* This figure is incompatible with Barber and Olinger’s other figures, and is founded on the 


examination of 16 children. 
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(2) In districts where house-haunting anophelines with similar 
habits occur, as is the case throughout the whole of West Africa, 
a knowledge of the anopheline infective density enables an estimate 
to be made of the relative importance of each species of anopheline 
vector in the district. It further enables a comparison to be drawn 
between the relative infective densities of different districts. Armed 
with this knowledge, the sanitarian can concentrate his efforts on 
the particular district most urgently in need of attention, and can 
record accurately the results that follow the measures adopted ; 
moreover, he knows beforehand against what species of anophelines 
his work must be directed. For example, in a village in Sierra 
Leone, where the only significant vectors were A. costalis and 
A. funestus, we found that A. funestus, in spite of its numerical 
superiority over A. costalis, was only responsible for some 30 per 
cent. of the malaria transmission. Again, the effect of prolonged 
anti-mosquito measures is to be seen in the fact that the infective 
density in Freetown is to-day only one-thirtieth of that in a 
neighbouring unsanitated village, which we believe closely resembles 
the Freetown of some 30 years ago. 

(3) Since great changes occur in the anopheline infective density 
at different seasons of the year in West Africa, and almost certainly 
in other countries, when estimating the infective density it is 
advisable to average this figure on the results of a year’s observations. 
Figures are available from a village in Sierra Leone over I2 con- 
secutive months, and they show that in this locality the anopheline 
infective density during the wet season is 12 times as great as during 
the remaining 6 months of the year. 

(4) Whereas the individual risk of inoculation with malaria 
cannot as yet be estimated accurately from the anopheline infective 
density, nor is the exact relationship between the two known, 
nevertheless the former is dependent on the latter, for, by comparing 
together the malaria infection rates in different districts, we have 
been able to prove that a close correlation exists between a high 
infective density and a high malaria rate amongst children examined 
during the first 3 months of their life, while a low infective density is 
similarly associated with a low infection rate. 

(5) In contradistinction to this close association, we have shown 
that an estimation of the malaria rate amongst the older age groups 
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bears little relationship to the anopheline infective density, a high 
infection rate being rapidly reached amongst them as a result of 
re-infection and relapse, and is therefore useless as an indication 
of the malaria infection risk, or, as it is commonly called, the 
“malariousness,’ of a district. 

It is of interest to note that the age incidence curve of malaria 
infection in 1932 follows very closely that described by Blacklock and 
Gordon in 1925, and to compare their explanation of its course with 
that advanced in the present paper. Blacklock and Gordon suggest 
two possible explanations of the very low infection rate amongst 
young infants in Freetown, as follows : ‘ It would be compatible with 
the idea that the child at birth was endowed with a passive immunity 
derived from the mother which steadily diminished until the age 
of 13. It would also be compatible with the idea that effective 
exposure to infection increases steadily as the child grows older until 
it reaches the age of 13. The flattening of the curve between the ages 
of 14 and 2} (which is as far as our figures go) would, if the passive 
immunity theory is accepted, almost certainly be due to the gradual 
acquirement of active immunity by the child after this age, which 
increases directly in proportion as the passive immunity wears off. 
The second explanation appears less probable since it fails to explain 
the flattening of the curve.’ At the time of publication of the above 
quotation, no data were available regarding the anopheline infective 
density in Freetown, and clearly the authors were under the 
impression that this was far higher than was actually the case ; the 
infective density as now established is certainly quite compatible 
with the figures recorded both in 1926 and 1932. The passive 
immunity postulated by them seems unlikely, since we have shown 
that in the village of Kissy no less than 50 per cent. of the children 
up to the age of 3 months are infected. We believe that the flattening 
of the curve between I and 2 years represents the period at 
which the combined infections, re-infections and relapses have reached 
their maximum; in Kissy this maximum is represented by an 
infection rate of 100 per cent., and in Freetown of 85 per cent. 

In view of our knowledge of the relationship between the 
anopheline infective density and the malaria rate, it is of interest to 
consider the results of anti-anopheline measures in West Africa. 
We have little evidence regarding the effects of malaria on the 
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health of the native community at different age periods. It is held 
by some that tolerance to the infection is only gained by repeated 
attacks, and that if every native child must, as we believe it must, 
eventually acquire the disease, then little advantage is to be gained by 
mere postponement. This view does not take into consideration the 
fact that it is reasonable to think that a primary attack acquired 
during the first few months of life is more dangerous than one at an 
older and more resistant age. Thus, young children in Freetown 
are rarely attacked by malaria during the first and most critical 
months of life, whereas in Kissy at least 50 per cent. are so attacked. 
For various reasons we think that a comparison of the infant mortality 
in Freetown and Kissy would be unreliable, but there can be little 
doubt that this postponement of the primary attack must reduce 
the death rate amongst infants. That it is only a postponement of 
the disease has, however, already been shown, and as the child 
grows older parasites are to be found in its blood almost continuously, 
so that during these later years it is little better off than if it had 
lived in an unsanitated village. Whatever different views are held 
regarding the effect of anti-anopheline measures on the health of the 
native community, no such difference of opinion can exist regarding 
its value in preserving the health of the European, for, with the aid of 
personal prophylaxis in a locality with a low infective density, he may 
be able to ward off malaria indefinitely. 

Finally, we must point out that in this discussion we have 
considered the results of anti-mosquito sanitation with reference to 
malaria alone, but these measures have in addition in Freetown 
produced a remarkable diminution in the culicine concentration and 
probably an important reduction in the diseases transmitted 
by them. 
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A FURTHER NOTE ON THE INCREASE 
OF P. MALARIAE IN FREETOWN, 
SIERRA LEONE 


BY 
R. M. GORDON 
AND 
T. H. DAVEY 


(From the Sir Alfred Lewis Jones Research Laboratory, Freetown, 
Sierra Leone) 


(Received for publication 14. November, 1932) 


In a previous paper (Gordon and Davey, 1932), we recorded that a 
remarkable rise in the incidence of P. malariae had occurred in 
recent years amongst native infants and school children in Freetown, 
and in an addendum added three months later we showed that 
quartan malaria was still increasing. 

Now, a year later, we have had occasion again to examine children 
of similar age groups in Freetown, and find that this increase of 
P. malariae is still being maintained, and that quartan malaria is 
tending to become the predominant endemic form of malaria in 
Freetown. As before, this change is most marked in the older age 
groups, P. falciparum still being responsible for the majority of the 
infections amongst children under 3 years of age. The apparent rise 
in the general infection rate is probably almost entirely due to the 
fact that the examination was carried out in the hyperendemic area 
and at the most malarious season of the year. Thus Macdonald, in 
1926, at approximately the same season of the year, examined 337 
children aged 3 to 12 years in this same area, and found 72 per cent. 
infected, which corresponds fairly closely to the 81 per cent. found 
infected by us in 1932, as shown below. 

The figures for 1925, 1926 and 1931 are based on the examination 
of children coming from all parts of Freetown. When we compare 
the proportions of the species in the hyperendemic area, as noted by 
Macdonald in 1926, with those found by us in 1932, the change is even 
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more marked. In 1926 it was found that 57 per cent. of the children 
were suffering from malignant tertian malaria and 14 per cent. from 
quartan, as compared with 25 per cent. infected with malignant 
tertian and 37 per cent. with quartan in 1932. 


Table showing the incidence of P. falciparum, P. malariae and P. vivax, amongst native children 
in Freetown, as noted in various years. 
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Year of examination ... 1924-25 | 1925-26 1931 1932 
under 3 years 809 348 230 
Number of cases examined 
3-14 years 1,059 821 278 
Percentage positive 
under 3 years 184 23°8 20°0 
P. falciparum 
3-14 years 414 16°1 24°8 
under 3 years I°5 10°9 10°4, 
P. malariae ... nbs 
3-14 years... 7-9 19°6 36°7 
| 
Mixed infections with under 3 years 06 4°6 18°3 
P. falciparum and 
P. malariae* 3-14 years 03 2°8 18-7 
| 
under 3 years 03 1-7 0°44 
P. vivax 
3-14 years Io orl 0-72 
under 3 years 20°9 41 50 
Total ... _— se 
3-14 years Sir 39°3 813 

















* The percentage of mixed infections in which P. vivax occurred is omitted as being negligible. 


The above Table shows that quartan malaria is now firmly 
established in Freetown and is tending to become the predominant 
type of infection amongst children. How far the rest of Sierra Leone 
is participating in this change we have not sufficient data to show, but 
that it extends outside Freetown is suggested by the following figures 
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obtained from Kissy, a native village some 6 miles from the capital. 
Amongst 112 children under 3 years old, 83 per cent. were positive ; 
35 per cent. harboured P. falciparum, 34 per cent. P. malariae, and 
II per cent. mixed infections of the two species. In the 3 to 14 years 
age group, amongst 227 children 94 per cent. were infected, 20 per cent. 
with P. falciparum, 41 per cent. with P. malariae, and 28 per cent. with 
a mixed infection of both species. The infection rate with P. vivax 
was somewhat higher than in Freetown, the proportion, including 
mixed infections in the younger age group, being 4 per cent. and, 
in the older, 6 per cent. 
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A YELLOW FEVER PROTECTION TEST IN 
MICE BY INTRACEREBRAL INJECTION" 


BY 


MAX THEILER 


(From the Yellow Fever Laboratory of the International Health Division 
of the Rockefeller Foundation, New York) 


(Received for publication 16 December, 1932) 


After the discovery of the susceptibility of white mice to the 
virus of yellow fever (Theiler, 1930), investigators turned to the 
possibility of devising a method whereby these animals might be 
used in testing sera for the presence of protective antibodies. By 
adding to 13 yellow fever immune sera equal quantities of a centri- 
fuged suspension of infective mouse brain and injecting these 
mixtures intracerebrally into mice, the writer (Theiler, 1931) was 
able to show protective action in all 13 sera. The amount of pro- 
tection, as measured by the number of mice that lived or the 
number that died only after a prolonged incubation period, varied 
considerably in repeated tests with the same immune sera. These 
findings were confirmed by Dinger (1931), who emphasised the 
importance of filtering the virus. 

Sawyer and Lloyd (1931) devised a protection test for yellow 
fever which is known as the ‘ intraperitoneal protection test in mice.’ 
This test depends upon the fact that when mice are inoculated 
intraperitoneally with a large amount of yellow fever virus fixed 
for mice the virus enters the blood stream. If, at the same time, 
the brains of the mice are damaged by the injection of some innocuous 
substance, the animals will develop encephalitis and die. If, how- 
ever, the virus is mixed with an immune serum, nearly all the mice 
will survive. This test has been used extensively for over one and a 
half years, and has proved to be very satisfactory (Hughes and 
Sawyer, 1932). 


* The studies and observations on which this paper is based were conducted with the support 
and under the auspices of the International Health Division of the Rockefeller Foundation. 
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The results obtained with the direct intracerebral test seemed 
to be sufficiently encouraging to justify further trials of this technique, 
with the object of devising a method for the quantitative study of 
the protective action of yellow fever immune serum. Sucha method 
would have an advantage in that only small quantities of serum 
and virus would be required. 

In this paper, the observed phenomenon that mice inoculated 
intracerebrally with virus and immune serum mixed in requisite 
proportions live, is termed ‘ protection,’ without any intention of 
implying that the protective action occurs only 7m vivo. The 
evidence at present is insufficient to warrant any conclusion as to 
the mechanism of the reaction, i.e., whether there is neutralization 
which occurs 1” vitro or protective action which takes place only 
in vivo, or in a combination of both. 


EXPERIMENTS WITH FRESH VIRUS 


Success in devising a satisfactory intracerebral protection test 
would depend almost entirely upon developing a method for making 
a standard virus preparation, so that results obtained in one experi- 
ment would be comparable with those obtained in another. 

By employing the technique originally used for the preparation of 
the virus suspension, the author obtained rather irregular results 
(Theiler, 1931). Though an immune serum always showed some degree 
of protection, the amount of protection obtained with any one serum 
varied when it was tested at different times. As the virus suspensions 
used were each prepared from only one or two infective mouse 
brains, the results were interpreted as indicating that the virus 
content of the different infective mouse brains varied. To determine 
this point it is obvious that a method of titrating the quantity of 
virus in any preparation is necessary. 

Bauer and Mahaffy (1930) have shown that the virus of yellow 
fever deteriorates rapidly if diluted with saline solution. This 
deterioration can be prevented to a large extent by using a diluent 
consisting of saline or distilled water to which has been added 
IO per cent. or more of normal serum. By the use of such a diluent, 
Bauer (1931) has titrated the virus content of infective monkey 
serum. In all the experiments reported here, unless otherwise 
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stated, the diluent used for the preparation of virus suspensions, or 
for making dilutions of an immune serum, consisted of saline solution 
or distilled water containing 10 per cent. normal human or normal 
monkey serum. 

To eliminate as far as possible the factor of differences in virus 
content of individual mouse brains, several virus preparations were 
made in which numerous infective mouse brains were used. The 
brains were always taken from mice that were obviously sick on 
the fourth or fifth day after an intracerebral injection of a virus 
fixed for mice. The brains were thoroughly ground up in a mortar, 
a measured quantity of diluent was added, and the suspension was 
centrifuged for half an hour at 2,500 revolutions a minute. From 
the supernatant fluid, tenfold dilutions were made, and 6 mice were 
inoculated intracerebrally with 0-03 c.c. of each dilution. Mice that 
died before the fourth day after inoculation were excluded from the 
series, since in our experience even the most potent yellow fever 
virus never kills before the fourth day. The mice that were found 
dead on the fourth to the tenth day inclusive were assumed to have 
died of yellow fever infection. Deaths due to a fixed virus after 
the tenth day are comparatively rare, even when the virus is tested 
in high dilution. The number of mice alive, therefore, on the tenth 
day after inoculation was taken as the number which survived. 

The minimum lethal dose of a yellow fever virus fixed for mice 
was defined as the smallest quantity of virus which, when injected 
intracerebrally, would kill, on the average, half of the mice inoculated 
in 4 to 10 days after the inoculation. The minimum lethal dose is 
expressed in this paper, unless otherwise stated, as a dilution of 
infective mouse brain (without any regard for the virus lost by 
centrifugation), which, when injected intracerebrally in a volume 
of 0-03 c.c., fulfils this requirement. Furthermore, for the sake of 
simplicity, throughout this paper the titre of the virus will be stated 
in terms of the dilution of which 0-03 c.c. was the volume injected. 
The results of titrations of numerous virus preparations show that 
the minimum lethal dose of the preparations made according to a 
uniform technique varied from 1/100,000 to more than 1/2,000,000. 
The minimum lethal dose of most of the preparations was 1/200,000. 
Though the small number of mice (6) used for testing each dilution 
often made it difficult to determine accurately the minimum lethal 
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dose, the method was considered sufficiently accurate to permit 
titration, on a roughly quantitative basis, of the protective action 
of an immune serum. 

The results of such an experiment in the titration of serum are 
shown in Table I. The action of an immune serum in three concen- 
trations, namely, undiluted, diluted 1/10, and diluted 1/100, was 
compared with the action of a normal human serum, when mixed 
with three dilutions of virus. The virus preparation was made 
from II mouse brains taken from mice definitely sick on the fifth 
day after inoculation with virus fixed for mice. The serum-virus 
preparation was injected soon after mixing. The dilutions of the 
immune serum were prepared with the same diluent used in making 
the virus dilutions. Consequently, in all the mixtures the concen- 
tration of normal serum was never less than 10 per cent. The 
results of this experiment (Table I) show that the protective action 


TABLE [| 


Fate of mice inoculated intracerebrally with 0-03 c.c. of mixtures consisting of equal parts of various 
virus dilutions and three concentrations of an immune serum. 









































Number of Number of mice which died. 
Virus | Serum mice Time in days after inoculation | Number of 
dilution | inoculated |——-——,—— ——_|_ -——- ——_ | mice which 
| S12 7@ eT 8 i oes survived 
1/100 Undiluted immune 6 ak ee We Bee 2 2 
| 1/10 immune 6 Sees ee ae ee eee ° 
| 1/100 immune 5 woe ees le we © oe fo) 
Undiluted normal 6 2) &.3°¢ ) 
1/1,000 | Undiluted immune 6 6 
1/10 immune 6 wk Phat Eb weckes BAS 3 
1/100 immune 6 reg ews een ie me oe eer eee 4 
, Undiluted normal 5 wre reed Me a) ie oe toy ab Beers aoe ° 
aie _ atiata Pees ee eS SORT, LEE Sane LOReMEe! EAeee | eran eevee 
| | | | 
bie alia . | | 
1/10,000 | Undilutedimmune | 6 bons ge 6 
} | | 
. | 
1/10 immune | 6 Re ois Cro y Ciena ere ae 2 4 
° | 
1/100 immune 6 wos Pisses Bivoe PRT Bi Dana fies 3 
Undiluted normal 6 esa T aes Fe OE SO ade Pe ° 
1/100,000 =| Undiluted normal 6 tot Ft iwi 2 
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of the immune serum could be demonstrated even when the serum 
was diluted one-hundredfold. Several additional experiments along 
the same lines gave similar results. 

In these experiments the dilution of virus used was, as a rule, 
1/10,000. When this dilution was mixed with an equal part of serum, 
the final dilution, as judged from various titrations, contained 
roughly from 10 to 100 minimum lethal doses in 0-03 c.c. of inoculum. 
As some protective action of a I in 100 dilution of each of several 
immune sera could be shown when this dilution of virus was used, 
the possibility of adapting the intracerebral method for the testing 
of unknown sera for immune bodies was investigated. Several sera 
were on hand from persons who had passed through attacks of 
yellow fever from 53 to 78 years previously, and who had not been 
exposed to yellow fever since the epidemic in Louisiana in 1905, 
25 years before their sera were obtained. Five-tenths of a cubic 
centimetre of each serum was mixed with 0-5 c.c. of a 1/10,000 virus 
suspension, and every mixture was injected in 0-03 c.c. amounts 
into each of 6 mice. The results obtained are shown in Table II. 


TasreE II 


The protective action of six sera from persons who had yellow fever 53 and 78 years ago, against a 
1/10,000 dilution of fresh virus. 




















Years between Number of Number of mice which died. Number of 
Serum attack and Dilution mice Time in days after inoculation { mice which 
taking of serum | of virus | inoculated survived 
4/5/67 {8 4] 94] 10 
AJB 53 1 / 10,000 6 I 5 
AL 53 1/1c,000 6 I 5 
HL] 53 1/ 10,000 6 I 5 
RER 53 1/10,000 6 6 
MH 53 1/10,000 6 6 
2 LGS 78 1/10,000 6 6 
TN Recent 
laboratory 
infection 1/ 10,000 6 I 5 
LMM | Normal human | 1/10,000 6 I I ots I ° 
2 Normal 
.: monkey 1 / 10,000 6 a 2 I 
2 Normal 
me monkey 1/ 10,000 6 ei. I 2 
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All the sera mentioned in this article from persons who had attacks 
of yellow fever 53 years ago or more, were investigated by Sawyer 
(1931) in a study of the persistence of yellow fever inmunity. The 
initials identifying the sera in this article are the same as those used 
by Sawyer, who gives further details concerning the history of the 
donors. Study of Table II shows that all the sera tested gave 
definite protection. 

In Table III are shown the results obtained when 3 sera from 
persons who had had yellow fever 53 years before were tested against 


Tasie III 


Fate of mice inoculated intracerebrally with 0°03 c.c. amounts of mixtures consisting of equal parts of 1/1,000 
dilution of virus and three concentrations of immune sera. 
































Number 
of Number of mice which died. | Number 
Serum Hlistory Dilution | Dilution | mice Time in days after inoculation | of mice 
of of of in- which 
serum serum virus |foculated] 4 | 5 | 6 | 7 | 8 | g | 10 {survived 
AL Yellow fever 53. | Undiluted| 1/1,000 6 I 5 
years before 1/10 | 1/1,000 6 ‘ ; , 6 
bleeding 1/100 | 1/1,c0o 6 ci 2isi.s ° 
HLJ | Yellow fever 53 | Undiluted| 1/1,000 5 5 
years before 1/10 | 1/1,000 5 ers 3 
bleeding 1/100 | 1/1,000 6 2 I 3 
RER | Yellow fever 53 | Undiluted| 1/1,000 6 6 
years before 1/10 1/1,000 6 2 4 
bleeding 1/100 | 1/1,000 6 1 | 3 2 
SFK | Recent laboratory | Undiluted | 1/1,000 6 mae woe 5 
infection 1/10 | 1/1,000 6 + ee 6 
1/100 | 1/1,000 6 Rhee Eh see BS Bice SF ass I 
LMM | Normal Undiluted | 1/1,000 iI Sc eece fe oe fo) 
wes 1 / 10,000 6 2| 3 I ° 
1 [100,000 6 eee oe I 3 






































a 1/1,000 dilution of virus—that is, Io times the amount of virus 
used in the preceding experiment. These 3 sera, as well as one 
serum obtained from a person who had had a recent laboratory 
infection with yellow fever, were tested in 3 concentrations, namely, 
undiluted, and diluted 1/10 and 1/100. As controls, 11 mice were 
inoculated with a mixture consisting of equal parts of normal human 
serum and the same 1/1,000 dilution of virus. Two additional groups 
of mice were inoculated, one with 1/10,000 and one with a 1/100,000 
dilution of virus. According to our definition, 0:03 c.c. of the 
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1/100,000 dilution is the minimum lethal dose of the virus used. 
The immune sera were, therefore, in this experiment, tested against 
50 minimum lethal doses. All 4 sera showed definite protection, 
which was marked in every test. 


EXPERIMENTS WITH FILTERED, FROZEN AND DRIED 
VIRUS PREPARATIONS 


It became apparent during these tests that in virus suspensions, 
prepared according to the technique described above, the virus 
content varied too much for accurate work. The method of pre- 
paring the virus involved too many factors which were difficult to 
standardize. It was therefore decided to prepare the virus as usual, 
to filter it through a Berkefeld or Seitz filter, to distribute the filtrate 
in measured amounts in small test tubes, and to dry the virus while 
frozen, according to the technique which has been shown by Sawyer, 
Lloyd and Kitchen (1929) to be very satisfactory for the preservation 
of yellow fever virus. The test tubes containing the material so 
prepared were sealed and stored in a refrigerator at 4° to 6°C. 
At different times tubes were taken out of storage; sterile distilled 
water was added to make up to the original volume; various 
dilutions were prepared ; and these dilutions were tested by intra- 
cerebral injection into mice. At first, tenfold dilutions were tested 
in order to determine roughly to what extent deterioration of the 
virus had occurred. Later, when it was found that deterioration 
usually took place slowly, twofold dilutions were adopted to 
determine more accurately the minimum lethal dose. 

The results of a typical titration are shown in Table IV. According 
to the definition adopted, 0-03 c.c. of a 1/51,200 dilution is the 
minimum lethal dose. It is manifest that 6 mice for each dilution 
is entirely too small a number for the exact determination of the 
minimum lethal dose of a virus preparation. 

By combining a large number of titrations such as the foregoing, 
Table V was compiled. In the enumeration of the mortality ratios, 
those groups in which there was one death or more before the fourth 
day are excluded. The last three columns of the Table show the 
total number of mice alive on the fourth day after inoculation, and 
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‘TaBLe IV 


Example of a titration of a preserved virus preparation 














Dilution Number Number of mice which died. Number 
of of Time in days after inoculation of mice 
virus mice —-—- op ee —) which 
inoculated I 2 314 51 6]71] 8] 9} 20 survived 
1/800 6 pa a es =F Ae I 3 2 ae ce: O 
1/1,600 6 eg Pere, Poesy Teen eee 2 3 I 
I / 3,200 if ee ee ee eee I I 2 I 
1/6,400 6 ree freee eee, eer wee ae I 2 3 
1/12,800 6 I 2 3 
1/25,600 6 ee ee en eee (ee See I me Meee I ne 4 
1/51,200 6 Br eae cere ee Ieee I 2 I 2 
1 / 102,400 6 ar A Ate Meee ieee ane I s 
1 /204,80c 6 nan artes: eae She nate eat aes I ee ee 5 
j 
| 





























the number and percentage which died after injection with different 
amounts of virus. Although the definition of the minimum lethal 
dose is that amount of virus which will kill half the mice inoculated, 
it will be seen that as many as two-thirds of the mice died after 
injection with one minimum lethal dose. This becomes plain when 
it is seen that the mortality ratio was as high as 4/6 on I1 occasions 
and even 6/6 on 3 occasions. It is felt that Table V shows with a 
fair degree of accuracy the susceptibility of mice when inoculated 
with various amounts of virus. 

The titration of various preserved preparations of virus has 
incidentally added considerably to our knowledge of the dependability 
of the method for the preservation of yellow fever virus. Several 
preparations had to be discarded for various reasons. In one, 
deterioration was so rapid that after 2 months the virus seemed to 
be totally inactive. In this preparation, the minimum lethal dose 
6 days after preparation was 1/300,000 ; 14 days after preparation, 
it was 1/20,000; in 27 days, it was 1/1,000; and in 31 days, less 
than 1/100, the lowest dilution tested. Three preparations were 
of no use, because the virus became inactive in a number of tubes, 
although the virus content of some tubes was constant as far as was 








PRR Eee 
= PERS 

















65 


TABLE V 


Number of times various mortality ratios were obtained in mice inoculated intracerebrally with 
from } to 64 minimum lethal doses, and the percentage of mice which died when inoculated with 
the same number of minimum lethal doses. 


























Number of times indicated mortality Total 
Number ratios were obtained. Numerator number | Number] Percentage 
of Number | represents number of mice which died ; of mice | ofmice | ofmice 
minimum of denominator, number of mice inoculated | which which 
lethal tests inoculated and alive died died 
doses on 4th 
0/6 | 1/6 | 2/6 | 3/6 | 4/6] 5/6| 6/6 day 
64 12 O O° Oo O° Oo I 11 75 73 97°3 
32 54 o | of} o | o | o | 13 | 41 350 335 95°7 
16 26 O fe) O I I 5 | 19 157 146 93°0 
8 24 fo) fo) ° 2 3 10 9 178 155 87:1 
4 32 TO} 25d} © Pets 193 147 76°2 
2 29 fe) 3 3 & 52 5 3 171 113 66°1 
I 26 II II I 3 168 112 66°7 
4 23 2 8 13 148 41 27°7 
4 30 Io | 12 8 Il 19 17°1 



































Even in some of the best prepara- 
In 


determined by a few titrations. 
tions, virus could not be demonstrated in a few of the tubes. 
view of this, it was considered advisable to mix the contents of 
two tubes whenever a protection test or titration was to be done. 

In making the virus preparations, the drying was carried out in 
two or more desiccators. A variable was thus added to different 
lots of the same virus preparation; and, although numerous titrations 
have shown that, as a rule, the activity of the end products of the 
different desiccators is the same, this is, nevertheless, a serious 
disadvantage in the method, as the virus from each desiccator 
must be considered as a different product until shown by several 
titrations to be identical. As a rule, 12 tubes were dried in each 
desiccator ; and, as 2 tubes are used for each titration, it is evident 
that the contents of one desiccator cannot be used for a large number 
of experiments. 
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RATE OF DETERIORATION OF PRESERVED VIRUS 
PREPARATIONS 


In Table VI are listed the end points of representative titrations 
performed at different intervals after the manufacture of the first 
3 virus preparations. It will be seen that with each preparation 
there was a considerable period of time when the end point was 
fairly constant. It will also be observed that the rate of deterioration 
was not the same for the different preparations. Thus the end 
point for preparation 1, which after 24 days’ storage had a minimum 
lethal dose between 1/20,000 and 1/200,000, fell to 1/800 after 389 
days. Preparation 3 remained remarkably constant for 259 days, 
when the end point varied from 1/40,000 to 1/160,000. After 
394 days’ storage, the end point was 1/20,000. 

In addition to the time variable, there are two other variables 
in the above-mentioned titrations, namely, the strains of mice, and 
the diluents. As will be shown later, the strains of mice used made 
no appreciable difference. This cannot be said for the diluent. 
Evidence will be presented that different normal sera vary consider- 
ably in their usefulness as diluents for yellow fever virus. Further- 
more, only 6 mice were used for testing each dilution of virus, and 
consequently, on account of the great range of susceptibility of 
different individuals of the same strain of mice, the end point was 
very seldom clear cut. It was felt, and further experience amply 
bore this out, that the virus content of the different tubes did not 
vary as much as one would be led to believe by the results of the 
titrations recorded in Table VI. 


STRAIN OF MICE 


Sawyer and Lloyd (1931) made the important discovery that 
different strains of mice varied in their susceptibility to the virus 
of yellow fever. In quantitative work it is obvious, therefore, that 
the degree of susceptibility should be determined as accurately as 
possible. In Table VII are recorded the results of titrations of 
the same virus preparation in 4 different strains of mice. The 
Institute strain of mice appears much more resistant than the other 
three strains. The 3 susceptible strains, namely, the Dilute Brown, the 
B. and the Swiss strains seem equally susceptible. A finding not 
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Taare VI 


Results of titrations of three preserved virus preparations after various intervals of storage. 














Number Age, in days, Highest dilution which, when injected intra- 
of of cerebrally in 0-03 c.c. amounts, killed half the mice 
preparation preparation from 4th to roth day after injection 
I fe) 1 [200,000 
24 Between 1/20,000 and 1/200,000 
123 1 /6,400 
175 1/25,600 
185 1/51,200 
389 1/800 
2 1go 1/6,400 
224 1/12,800 
231 1/25,600 
242 1/25,600 
243 1/51,200 
260 1/25,600 
335 1/6,400 
356 1/6,400 
419 1/12,800 
3 g2 1/160,000 
137 1 /80,000 
160 1/160,000 
192 1 /80,000 
220 1 /40,000 
258 1/ 160,000 
259 1/160,000 
394 1/20,000 
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Tasre VII 


The mortality of four strains of mice after intracerebral injections of 0°03 c.c. of different dilutions 
of the same virus preparations 






































Institute strain | Dilute Brown strain B. strain Swiss strain 
Dilution | Number Number Number Number 
of Number died | Number died | Number died | Number | died 
virus inoculated| 4-10 |inoculated| 4-10 |inoculated| 4-10 |inoculated| 4-10 
days days days days 
1/800 6 I 6 6 II 9 12 II 
1/1,600 6 2 6 6 12 II 12 12 
1/3,200 6 4 6 5 12 10 12 12 
1/6,400 6 I 6 5 II 9 II 10 
1/12,800 6 3 6 4 II 7 12 7 
1/25,600 6 fe) 6 3 12 7 II 5 
1/51,200 6 2 6 2 II 6 12 7 
1/102,400 5 ° 6 2 II 3 II 4 
1/204,800 6 fe) 6 I fo) I 12 2 
Total ... 53 13 54 34 101 63 105 70 
Percentage 
of mice 24°5 63°0 62°4 66°7 
which died 




















shown in the Table was that the time of death in the Dilute Brown 
strain was far more regular than in the other three. With this strain, 
all deaths occurred from the fifth to the eighth day after inoculation, 
and the great majority of the mice that succumbed died on the 
sixth and seventh days. For practical purposes, the susceptibility 
of the Swiss, Dilute Brown and B. strains were considered equal. 
The Swiss and B. strains were chiefly used in the work recorded in 
this article. 


INFLUENCE OF AGE ON THE SUSCEPTIBILITY OF MICE 


Age and diet have often been held to have an influence on the 
susceptibility of a host to a given infectious agent. Theiler (1930) 
has shown that suckling mice are much more susceptible than adult 
mice to an intradermal or subcutaneous injection of yellow fever 
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virus. It seemed, therefore, important to determine whether age 
is a factor in the susceptibility of mice to an intracerebral injection 
of virus. Mice of the Swiss strain, raised on the same diet, were 
divided into two lots according to age, as indicated by weight. The 
individuals of the one lot weighed less than 15 grams. ; those of the 
other, more than 18-5 grams. Six mice of each lot were inoculated 
with dilutions of the same virus preparation. The results are shown 
in Table VIII. No difference in susceptibility is manifest between 




















Taste VIII 
The influence of age on the susceptibility of mice to intracerebral injections of virus 
Young mice, 15 grams or less Old mice, 18+5 grams or more 
Dilution ay 
of Number of mice Number of mice 
virus Number of mice which died Number of mice which died 
inoculated 4-10 days | inoculated | 4-10 days 
1/800 6 6 6 | 5 
1/1,600 6 6 6 6 
1/3,200 6 6 6 6 
1/6,400 5 4 6 6 
1/12,800 6 5 6 2 
1/25,600 6 I 5 4 
1/51,200 6 4 6 | 3 
1 [102,400 5 2 | 6 2 
1/204,800 6 I | 6 | I 
| 
Total 7 &2 35 | 53 | 35 











the two lots. In both, the minimum lethal dose of the virus prepara- 
tion was 1/51,200. The total number of mice that died was also 
the same in the two lots. From these results it may be concluded 
that age, within the limits tested, has no significant influence on 
the susceptibility of mice to yellow fever virus. 


INFLUENCE OF DIET ON THE SUSCEPTIBILITY OF MICE 


In Table IX are recorded the results obtained by the injection 
of various dilutions of one virus preparation into two lots of mice 
of the Swiss strain. We are indebted to Dr. Alexis Carrel, of the 
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TasBLe IX 


The influence of diet on the susceptibility of mice to an intracerebral injection of virus. 





























Mice raised on a deficient diet Mice raised on an adequate diet 
Dilution 
of Number of mice Number of mice 
virus Number of mice which died Number of mice which died 
inoculated 4-10 days inoculated 4-10 days 
1/400 5 5 3 3 
1/800 4 | 4 6 6 
1/1,600 5 3 5 4 
1/3,200 5 5 5 4 
1/6,400 5 3 4 3 
1/12,800 5 2 5 2 
1/25,600 6 2 6 2 
1/512,000 6 I 6 2 
1/102,400 6 I 6 ) 
1/204,800 6 I 6 fo) 
Total ... 53 27 52 26 

















Rockefeller Institute for Medical Research, for the interest and 
co-operation in supplying all the mice used in this experiment. 
One lot represented the third generation of a series of mice that 
had been raised on a deficient diet consisting principally of meat, 
potatoes and bread, with a little cabbage and lettuce. The other 
lot was raised on an adequate diet. The individuals of the first 
lot were small and had ruffled fur, whereas those of the second were 
large, sleek and healthy. The Table shows quite clearly that even 
such extremes of diet had no significant influence on the susceptibility 
of the mice to intracerebral injection of virus. 


THE DILUENT 


After it had been shown by Bauer and Mahaffy (1930) that the 
virus of yellow fever deteriorates rapidly in physiological salt solution, 
and that this deterioration could to a large extent be prevented by 
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the addition of 10 per cent. or more of normal human or normal 
monkey serum, most workers have adopted some diluent containing 
normal serum. As soon as it became evident that normal sera 
differed in their suitability for use in diluents, search was made for 
some suitable substance which could be obtained in large quantities, 
so that the same lot of diluent could be used over an extended period 
of time. At the suggestion of Dr. J. H. Bauer, different specimens 
of human ascitic and pleuritic fluids were tested for their suitability. 
Dilutions of virus were made in the fluid to be tested, and these 
were injected into mice. For control, similar dilutions of the same 
virus were made in a diluent whose suitability was known. In order 
to bring out more markedly any differences which might exist, the 
dilutions of virus were usually incubated at 37°C. for 24 hours 
before injection. In this way, several satisfactory diluents were 
obtained in large quantities. 

The optimum concentration of normal serum in a diluent has not 
been determined. As a routine, 10 per cent. was adopted. In 
one instance, however, in which the same virus was titrated in two 
diluents, one containing Io per cent. and the other 55 per cent. of 
the same serum, many more mice died among those that were 
inoculated with the dilutions of virus made up in 55 per cent. serum. 
This seemed to indicate that the more concentrated diluent was the 
more suitable. In another experiment, exactly opposite results 
were obtained: the diluent containing 10 per cent. of a normal 
serum proved more suitable than the more concentrated diluent. 
Hence, at present very little information is available as to the most 
suitable concentration of normal serum to be used as a diluent. 

The availability of large quantities of ascitic and pleuritic fluids 
simplified work immensely, and added to its accuracy. The great 
disadvantage was that every new fluid had thoroughly to be tested 
before being introduced. At the suggestion of Dr. T. P. Hughes, 
it was decided to test various concentrations of egg albumin. 
A 2°5 per cent. solution of egg albumin in distilled water, sterilized 
by filtration, was found to be satisfactory ; it proved to be better, 
in fact, than an ascitic fluid with which it was compared and which 
had been found very satisfactory. But, as the egg albumin diluent 
has not been in use for long, it is impossible at present to give a 
final opinion as to its efficiency. 
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PROTECTION TESTS WITH FROZEN AND DRIED VIRUS 


In comparison with the preparations of virus freshly made each 
time, titrations of the product dried in the frozen state gives a much 
more constant end point. In protection tests, it is apparent that 
the amount of virus used is important. It is conceivable that 
certain yellow fever sera would be so weak that no protection would 
be demonstrated if they were tested against an excessive amount of 
virus. Furthermore, in view of the great difference in susceptibility 
of individual mice of the same strain, a dose of virus should be 
selected which will kill nearly all mice with great regularity. A dose 
which would kill all mice would be unsuitable, since in all the strains 
of mice tested so far there is always a certain small percentage 
resistant to many lethal doses. 

Numerous protection tests have been carried out in which an 
immune serum or dilutions of an immune serum have been tested 
against 4 to 32 minimum lethal doses of virus. In Table X are 












































TaBLE X 
The protective action of immune sera when tested against thirty-two minimum lethal doses. 
Number of mice which died. Number 
History Dilution Time in days after inoculation of mice 
Serum of of ——,—-——| which 
donor serum 1-3 | 4 5 6 | 7 | 8 | 9] 10 | survived 
A.J.B. Vellow fever cz | UWediloted | 0 fick | nce Jess Pie ces Pee Bs 6 
years ago 
E.P.L.. | Vellowdeverc3 | Ueriboted |... fnce | cee Dncee bccn J cee | eee Pcs 6 
years ago 
E.L.R. | Vellowfever 3 | Undiluted |... fos. [sce | see | ose | ose | see | oe 6 
years ago 
R.W.I. | Vellow GewerGa | Undibeted [ -.. | cc | nce fice Pvce | ee Fie | ee 6 
years ago 
J.-M. Yellow feverin | Undiluted | ... | ....] ... | + 6 
Rio in 1928 1/10 I ue lh ox. 2S 4 
1/100 6 
M.A. Yellow feverin | Undiluted 6 
Rio in 1928 1/10 ae een eee ee, ee 6 
1/100 js Dee Ee | EE Poe 8 4 
Immune Undiluted 6 
Monkey 1/10 6 
1/100 6 
M.T. Recent Undiluted 6 
laboratory 1/10 a eee ‘ oe een ree 6 
infection 1/100 |) oe ed ae ee 3 
L.M.M. | Normal Undiluted mw ft 2 es ° 
human Undiluted I tieiy, ° 
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shown the results of sucha test. The action of seven human immune 
sera and one monkey immune serum was tested against 32 minimum 
lethal doses. Four of these sera were from persons who had passed 
through an attack of yellow fever 53 to 64 years ago. Four sera 
were tested in 3 concentrations, namely, undiluted, diluted 1/r0, 
and diluted 1/100. Equal parts of the serum or serum dilution 
were mixed with the virus dilution, and after these mixtures had 
been allowed to stand at room temperature for several minutes, 
they were injected in 0-03 c.c. amounts intracerebrally into mice. 
Six mice were used for each mixture. Two groups of 6 mice each 
were inoculated with a mixture of normal serum and virus. All 
the controls died, whereas nearly all the mice that received the 
mixtures of immune serum and virus lived. 

The duration of immunity to yellow fever is said to be lifelong. 
Whether or not immunity is always accompanied by demonstrable 
antibodies in the serum is unknown. Sawyer (1931) made an 
extensive study of the persistence of yellow fever immunity by 
means of the protection test in monkeys, supplemented in a few 
instances by intraperitoneal protection tests in mice. From his 
results he concluded that the concentration of antibodies in the 
serum may in some cases gradually diminish until they are no longer 
demonstrable by protection tests with ordinary amounts of the 
serum. These conclusions are based almost entirely on protection 
tests in monkeys, but are nevertheless suggestive. A test, therefore, 
for the demonstration of antibodies should be standardized, if 
possible, so that even the weakest sera of persons who have had 
yellow fever will show protection. Consequently, a study was 
undertaken to determine the concentration of antibodies in the 
sera of persons who had had the disease many years before. There 
were available g sera of persons who had had yellow fever 53 or 
more years before, and who had not been exposed to the disease 
during the 25 years prior to the time when their sera were obtained. 
All but 2 of the sera were titrated, most of them 2 or 3 times. 
Table XI gives a summary of the results obtained. The number 
of minimum lethal doses against which the sera or dilutions were 
tested, i.e., the number of minimum lethal doses in each inoculum, 
varied from 4 to 32. It will be observed that every serum protected 
at least 5 out of 6 mice, when tested undiluted. An intracerebral 
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TABLE 


XI 





Results of titrations of sera from persons who had yellow fever 53 to 64 years before bleeding. 














Protection Results of protection tests in mice 
test in 
Macacus , Dose of Normal serum 
Years rhesus Protective serum ne alittle 
between | monkeys ; 
attack | result in 
Serum| and test Highest Highest Remarks 
taking | animal; | dilution | dilution | Number Number 
of days to | of serum | of serum of Number of 
serum | fever or which which | minimum of mice 
death | protected | protected | lethal mice which 
(after 5 or 6 3 0r4 doses | inoculated died 
Sawyer | of 6 mice | of 6 mice 
1931) injected | injected 
A.J.B. 53 1% days | Undiluted 32 12 12 Serum _ tested 
to fever; only undiluted 
survived 
A.L. 53 Undiluted 1/10 16 24 24 
E.P.L. 53 Remained | Undiluted 32 12 12 Serum tested 
well only undiluted 
H.L.]. 53 14 days 1/2 1/8 32 24 24 
to fever ; 
54 to 
death 
E.L.R| 53 1/100 4 23 19 1/200 dilution 
allowed 2 of 6 
mice to live 
R.W.1.| 64 Remained 1/16 32 24 24 1/32, 1/64 and 
well 1/128 dilutions 
allowed 2 of 6 
mice to live 
R.E.R.| 53 Remained 1/4 1/64 32 24 24 
well 
M.H. 53 Remained 1/10 1/50 32 24 22 
well 
COTi 53 13 days 1/10 16 24 24 
to fever ; 
7 to 
death 





























protection test, standardized so that each mouse received 32 minimum 
lethal doses, would seem, therefore, to be satisfactory. 


With this 


concentration of virus, definite protection has been shown with 
every known immune serum so far tested. Furthermore, this 
concentration of virus kills nearly all the control mice with great 
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regularity. Of 120 mice receiving 32 minimum lethal doses in normal 
serum (Table XI), 118 died from the fourth to the tenth day inclusive. 
The results in these cases are therefore very clear cut. 

By using the small number of 6 mice for testing each dilution, 
only a very rough idea of the potency of a serum can be obtained. 
It is suggested that for accurate work at least 12 mice be used, and 
that the highest dilution of serum which will on the average protect 
half the number of mice inoculated be taken as the end point. 

The highest dilution of the sera of persons who had recently had 
yellow fever, which protected 5 or 6 mice against 32 minimum lethal 
doses of virus, was usually 1/100 or 1/200. When these sera were 
tested against a smaller amount of virus, the titre was much higher. 
In using the methods outlined above for determining the titre of an 
immune serum, it is essential to state in every case the number of 
minimum lethal doses employed. 


SUMMARY 


The possibility of a simple intracerebral test in mice for deter- 
mining quantitatively the amount of protective antibodies in yellow 
fever immune serum was investigated. The method consisted of 
mixing the virus suspension with an equal amount of the serum or 
serum dilution under investigation, and injecting the mixture in 
0-03 c.c. amounts intracerebrally into 6 or more mice of a susceptible 
strain. Two methods of preparing the virus were investigated. 
In the first, the virus was prepared fresh each time from a number 
of infective mouse brains, taken when the mice were obviously sick 
on the fourth or fifth day after an intracerebral injection of passage 
virus. The infective mouse brains were ground in a mortar, diluent 
was added, and the suspension was centrifuged at 2,500 revolutions 
per minute for 30 minutes. From the supernatant fluid, tenfold 
dilutions were made and injected into mice to determine the minimum 
lethal dose. Numerous titrations of virus preparations made according 
to this standardized method showed that the minimum lethal dose 
varied from 1/100,000 to 1/2,000,000. By using a 1/10,000 dilution 
of virus, the protective action of numerous sera from persons who had 
recently had yellow fever was shown. All of 6 sera from persons 
who had had yellow fever 53 years before bleeding showed definite 
protection. 
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On account of the great range in the minimum lethal dose of the 
virus suspensions prepared fresh each time, the possibility of using 
preserved virus preparations was investigated. Suspensions of 
infective mouse brains were prepared, filtered through Berkefeld N 
or Seitz filters, dried in measured quantities while frozen, according 
to the technique of Sawyer, Lloyd and Kitchen, and stored in the 
refrigerator at 4° to 6° C. At various intervals extending over one 
year, the minimum lethal dose of the preserved preparations was 
determined. By this means it was shown that the rate of deteriora- 
tion of the virus preparations, although these were made in accordance 
with a uniform technique, varied considerably. In approximately 
half the preparations, the end point of the titration was so constant 
over a long period of time that the preparation could be used 
repeatedly and the results of one experiment could be compared 
with those of another. 

By the use of preserved virus preparations it was shown that age 
and diet, within the limits investigated, had no influence on the 
susceptibility of the mice to an intracerebral injection of virus. 

The finding of Sawyer and Lloyd that different strains of mice 
show various degrees of susceptibility to the virus of yellow fever 
was confirmed. It was also shown that each of the different strains 
of mice used in these experiments exhibited a relatively constant 
susceptibility. 

By mixing the serum under investigation with a suspension of 
virus so diluted that when it was injected in 0-03 c.c. amounts 
intracerebrally each mouse received 32 minimum lethal doses, the 
protective action of numerous yellow fever sera, including 7 from 
persons who had had yellow fever 53 or more years before, was 
shown. In every case, all or all but one of 6 mice inoculated were 
alive on the tenth day after inoculation. Of 120 control mice that 
received mixtures of normal sera and the same virus suspension, 
only 2 were alive 10 days after inoculation. 

For accurate work, on account of the great range of susceptibility 
of mice of a given strain, it is suggested that 12 mice should be used 
for each dilution of virus or serum in titration experiments. 

The limitations of the method of preserving virus by drying it 
in the frozen state makes the procedure unsuitable for use in the 
routine testing of sera by the method here presented. And before 
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means are found for preserving the virus in large amounts, so that 
the same preparation can be used repeatedly over a large interval 
of time, it would be premature to advocate the method for the 
routine testing of yellow fever sera in epidemiological work. 
During the course of this work, the great importance of the 
diluent became manifest. Yellow fever virus deteriorates rapidly 
in 0-9 per cent. sodium chloride solution. The addition of 10 per cent. 
or more of normal serum prevents this. It was found that different 
normal sera varied considerably in their suitability for use in diluents. 
To overcome this, ascitic and pleuritic fluids which were obtained 
in large quantities were investigated, and several were found to 
be quite satisfactory. It was also found that a 2:5 per cent. 
solution of egg albumin in distilled water could be used as a diluent. 
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A NEW SPECIES OF CULICOIDES 
FROM PALESTINE 


BY 


J. W. S. MACFIE 


(Received for publication 17 December, 1932) 


I am indebted to Dr. P. A. Buxton, London School of Hygiene and 
Tropical Medicine, for the opportunity of examining and describing 
the following insect. 


CULICOIDES JUDAEAE sp. nov. 


A small greenish-brown species, with unadorned thorax and wings. 


Mate, Femate. Length of wing, about 1 mm.; greatest breadth of wing, 
o-4 mm. or less. 


Head dark brown. Palpi brown, third segment inflated (especially in female) 
and furnished with a large, shallow pit in which are massed numerous short sensory 
organs; lengths of last 3 segments in one female 20, 8 and 8 units respectively. 
Antennae brown, much paler in male than in female. In male, last 3 segments 
elongate, their lengths in the single specimen examined 27, 20 and 22 units 
respectively ; the combined lengths of segments 4-12 and 13-15 approximately equal. 
In female, segments 4-10 oval to somewhat vase-shaped, in one specimen measuring 
from 8 by 6-7 to 8 by § units; 11-14 elongate, sub-equal, about 13-14 by § units ; 
15 longer, about 18 by 5 units, tapering distally, without stylet. The combined 


lengths of segments 11-15, 4-10, and 3-10 in this specimen, 73, 57 and 68 units 
respectively. 


Thorax uniformly darkish brown, with a greenish tint. Scutellum similarly 
coloured ; bearing 4 bristles and several smaller hairs (about 14 in female, 8 in male). 
Postscutellum darker brown. 


Wings unadorned, slightly milky ; well but not densely clothed with macrotrichia 
(not darkened over radial cells), which cover the entire surface with exception of 
radial and basal areas, and extend in female practically to base between M and Cu. 
Costa reaching a little beyond middle of wing. First radial cell slit-like, second 
small but well formed. End of third vein curved up towards costa at an obtuse 
angle. Petiole of M longer than cross-vein. Fork of Cu distal to that of M. 
Halteres with pale, brownish knobs. 


Legs rather pale brown, with knees and apices of hind tibiae darker ; paler in 
male than in female. Segments, claws and empodium normal. T.R. rather less 
than 2. 


Abdomen darkish brown in dried insects. Spermathecae 2, rather poorly 
chitinised, spherical, sub-equal, about 55-604 in diameter; the duct not at all 
chitinised. Hypopygium (see Fig.) darker brown. Posterior margin of ninth tergite 
with median cleft,and bearing a pair of rather short processes. Ninth sternite widely 
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but not very deeply excavated. Harpes highly chitinised, with characteristic basal 
extensions, and distal extremities tapering to fine points which are bent ventrally. 
Aedeagus dark brown, triangular, tapering distally. Membrane joining ninth 
sternite to aedeagus not spiculate. 


PatesTINE: ‘ Collected in the grounds of the Palestine Potash Company on the 
shores of the Dead Sea,’ 1932, 16, 1199. 


HAIN 
Is 


Ventral view of hypopygium of Culicoides judaeae. 





This is a much smaller and browner insect than either of the 
species from Palestine with unadorned wings described by Austen 
(1921), namely, C. vitrerpennis and C. purtpenmis. It resembles most 
closely the European C. pumilus (Winn., 1852), a species which 
Edwards (1926) regards as the same as C. minutissimus (Zett., 1855). 
Thanks to the kindness of Dr. Edwards, I have been able to examine a 
British male C. minutissimus and to compare it with the Palestine 
species described above. The two are not identical, and differ 
notably in the form of the hypopygium. In C. minutissimus the 
ninth sternite is more deeply excavated than in the Palestine species, 
the lateral processes on the posterior margin of the ninth tergite are 
much longer, the harpes have long, twisted, filiform ends, and the 
aedeagus is more Y-shaped. 
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It should perhaps be noted here that in Winnertz’s figure of the 
wing of C. pumilus the fork of Cu is shown slightly proximal to that 
of M. In his final key to the European species of Culicoides, Kieffer 
(1925) makes use of this character for the differentiation of the 
species, although he reproduces a figure of the wing (that of 
Goetghebuer) in which the reverse relationship is shown, namely, 
the fork of Cu slightly distal to that of M. As it is often difficult to 
see the exact point at which M forks without the aid of staining 
reagents, it would probably be unwise to attach great importance to 
this detail in Winnertz’s figure. In the male C. minutissimus, 
kindly lent for examination by Dr. Edwards, the forking of Cu is 
clearly distal to that of M. 
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ON ANOPHELES FUNESTUS AND ITS 
ALLIES IN THE TRANSVAAL 


BY 


BOTHA DE MEILLON, D.Sc., F.E.S. 


(From the Malaria Research Station of the South African Institute for 
Medical Research at Tzaneen, Transvaal) 


(Received for publication 10 January, 1933) 


The principle of ‘species sanitation’ depends for its success 
on the accurate identification of the insects concerned with the 
transmission of malaria. Unfortunately, in South Africa one of 
the main vectors of malaria, namely A. funestus, is a difficult insect 
to name with certainty both in adult and larval stages. Moreover, 
the recent discovery of another closely related form has complicated 
matters still further. It has therefore been thought advisable to 
publish these notes in an attempt to make the present position clear. 

A. funestus belongs to the group Myzomyia of the subgenus 
Myzomyza, and its nearest allies are A. marshalli Theo., A. longipalpis 
Theo., A. tvansvaalensis Carter,* A. rvhodesiensis Theo. and the 
recently discovered A. funestus var. leesont Evans.t The author 
(1931) has already shown that in the larval stages A. transvaalensis 
and A. marshall’ present no difficulty, as they are immediately 
distinguished by the branching of the anterior dorsal pleural hair 
of the mesothorax. A. longipalpis is known by the relatively 
small anterior abdominal plaques and by the fact that the posterior 
abdominal plaques, at least on the posterior segments, are three in 
number. The larva of A. rhodestensis is our only Myzomyia with 
the inner clypeals barbed. The larva of A. marshalli further ditters 
from all our Myzomyia larvae in having the saddle hair much 
branched (fig. I, @ and 8). 











* It may be necessary to rename this anopheline, and attention is directed to a forthcoming 
paper dealing further with the species.—Epp. 


+ Evans (1931) described this as A. funestus subspecies leesont.—Epp. 
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A. funestus var. leesont was described by Evans (1931) in 
November, 1931, from material collected in Rhodesia. At about 
the same time this form was discovered in Tzaneen, and the following 
is an extract from a report to the Director of the South African 
Institute for Medical Research, dated 20th December, 1931: ‘ I have 
now confirmed the observation set out in the monthly report for 
November, namely, that there exists another mosquito formerly 
confused with funestus but really quite distinct from it. Originally 
separable in the larval stage only it has now been found that the 
adult males are also distinguishable; the adult females remain 
inseparable. The absence of males from habitations indicates 





b 





Fic. 1. a.—A. funestus, anal segment of larva showing lateral hair; 6.—A. marshallt, anal 
segment of larva showing lateral hair. 


that this species does not enter houses. It was thought that this 
observation would clear up the whole problem of funestus with and 
without malaria, but it is now becoming evident that this is not the 
whole truth. Intensive collecting has shown that apparently 
true funestus larvae do occur in non-malarious areas. It is possible 
that a third species is involved but I am inclined to think that some 
ecological factor will be found to be the cause.’ 

In the larva of A. funestus var. leesom, the long mesothoracic 
pleural hairs are both simple. It therefore falls into the same 
category as the larvae of marshalli, longipalpis and funestus. From 
these it is distinguished in the first place by the much branched 
inner occipital hair (fig. 2,c,dande). From the larvae of marshalli 














Fic. 2. a.—A. funestus, head of larva showing typical pigmentation ; }.—A. funestus, head of 
larva showing atypical pigmentation; c.—A. fumestus var. leesoni, head of larva showing atypical 
pigmentation ; d.—A. funestus var. leesoni, head of larva showing typical pigmentation ; e.—A. funestus 
var. leesont, head of larva showing atypical pigmentation. 
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and longtpalpis one can recognise it by the relatively larger anterior 
abdominal plaques. It differs from funestus in the following 
respects :— 

I. Inner occipital with 7-8 branches. We have seen a funestus 
larva in which one inner occipital had four branches. 
Nothing approaching the condition seen in var. Jeesont, 
however, has ever before been noted. 

2. Anterior head pattern consisting of two longitudinal stripes 
(fig. 2, d) instead of a transverse band (fig. 2, a). We have 
seen funestus in which the transverse band is not complete. 
The band is then represented by two small darkened areas, 
but one can usually trace a tendency for these two to unite 
transversely (fig. 2, b). Occasionally the anterior portion 
of the clypeus is quite unpigmented. Sometimes, in the 


larva of funestus var. leesoni, the two longitudinal stripes are 
completely absent (fig. 2, c), and we have seen one larva 
of this variety in which the whole clypeus, with the 
exception of two small areas at the bases of the inner 
occipitals, was pigmented. (fig. 2, e). 








Fic. 3. a.—A. funestus var. leesoni, abdominal plaques V, VI and VII of the larva; 
b.—A. funestus, abdominal plaques V, VI and VII of the larva; with posterior plaques included in 
anterior plaques; ¢c.—A. funestus, abdominal plaques V, VI and VII of the larva; with posterior 
plaques in the process of being included by the anterior plaques. 


3. Two posterior plaques always present on some abdominal 


segments (fig. 3, @). Typical funestus has no_ posterior 
plaques (fig. 3, 0). Sometimes, however, these are present 
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on the anterior abdominal segments and, rarely, on all 
segments. Usually, in fumestus, posterior plaques can be 
distinguished in the young larva, or the process of their 
inclusion by the anterior plaques can be seen (fig. 3, c). 
When no posterior plaques are present in funestus, they can 
often, but not always, be seen as darkened areas lying 
in the anterior plaque (fig. 3, 6). A scheme for separating 
these closely allied larvae is given as follows :— 


1. Anterior dorsal mesopleural hair, feathered..................05. 2 
Anterior dorsal mesopleural hair, simple ................0:00008 3 

ER I isin icrricarntincinemcamivantinnichqeeians transvaalensis 
DE <r ON, SOP eiostinianamanniatianniirmnes rhodestensts 


3. Anterior plaque of abdominal segment VII more or less half 

as deep as the segment itself. This plaque about as wide 

0 U EE ec ecdorninimunmmnientirananamamasas 

Anterior plaque of abdominal segment VII much shallower, 

about one-fifth as deep as the segment. Plaque much 
marsowwes that the OGQMNe cisiescccsxcesnccsvissnsssiesvensess 5 


4. Inner occipital much branched. Anterior portion of the 
head with two longitudinal pigmented areas. Posterior 
plaques always present on some segments at least............ funestus var. leesoni 
Inner occipital simple, or with at most four branches. 
Anterior transverse pigmented band usually present on 
the head. Posterior plaques usually absent ; occasionally 
present on anterior segments, rarely on all segments...... funestus 


Filaments of abdominal palmate hairs short. One posterior 


Be ie 
plaque present. Saddle hair much branched. Larva 
SUCRE iicdnincomiiniinminnmimilanunniineld marshalli 
Filaments long. ‘Three posterior plaques present on some 
segments at least. Larva very dark in colour............... longipalpis 


The ventral surface of abdominal segments IV, V, VI, VII and 
VIII, but more especially segments VI and VII in the larva of 
funestus, is clothed with a large number of closely-set, sharp-pointed 
spines, with their apices directed towards the tail end of the larva 
(fig. 4). These possibly aid the larva in keeping a hold of the side 


Fic. 4. A. funestus, spines from the ventral surface of abdominal segment VI of the larva. 
(X 600 approx.) 











88 


of the stream. It is a peculiar fact, however, that these spines 
are absent from the larva of funestus var. leesoni, although its 
breeding habits are very similar to those of funestus, and the two 
occur side by side in the same streams. Indeed, the larva of 
A. theileri is the only other stream breeder in which these spines are 
developed to any extent. 

As pointed out by Evans in her original description, the pupae 
of funestus var. leesont and funestus are easily separable. Some of 
the main differences are shown in figs. 5 and 6. It will be seen 
that bristle ‘A’ of segments V, VI and VII is relatively much 
longer in funestus var. leesont ; similarly, bristle ‘ B’ is longer, and, 
furthermore, is simple in these segments, whereas in funestus it is 
bifid or triple. 








Vic. 6. A. funestus, portion of the pupa. 


Breeding Places. A. marshalli and A. transvaalensis are typical 
seepage breeders in shaded water. They also occur to some extent 
along the edges of streams. A. rhodesiensis breeds usually in 
exposed pools and sometimes in rock pools. dA. funestus and its 
variety occur side by side along the edges of shaded streams, less often 
in marshy ground where there is some movement of the water, and 
occasionally in seepages. It has repeatedly been pointed out that in 
South Africa A. funestus is not a marsh breeder. This has led to some 
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misunderstanding because of the various ways in which the term 
‘marsh ’ can be interpreted. By ‘marsh’ we mean a collection of 
surface water, usually in the form of a number of small pools which 
are overgrown with vegetation and in which there is no movement 
of water. Very often it happens that a marsh or swamp has a 
central stream of slow moving water, as occurs in the Northern 
Rhodesian ‘dhambo.’ In such a case, larvae of funestus will, of 
course, be found, and the breeding place is no longer a marsh or 
swamp according to our terminology. 


SEASONAL PREVALENCE OF A. FUNESTUS AND ITS VARIETY 
IN THE DRAKENSBERG FOOTHILLS 


At Tzaneen, the larvae and adults of funestus and funestus var. 
leesont both disappear in winter; whereas at Mohlaba, 12 miles 
distant, they breed all the year round. This is clearly shown by 
Graph I and Table I. Weekly collections of larvae in all types of 
breeding places were made at Tzaneen and Mohlaba and their 
environs during 11 months. Monthly totals were then made, 
and the percentage calculated of funestus and funestus var. leesont of 
the total of all larvae. 

It will be seen that funestus and its variety disappear from 
Tzaneen in September, whereas at Mohlaba the minimum is reached 
in June and breeding really never stops. At first sight, this extra- 
ordinary change of habit in two places only 12 miles distant appears 
to be incomprehensible. It has been found, however, that the 
climatic conditions of the two places are very different. This 
aspect of the problem will be elaborated in a later publication. 

ApbuLts. It is very commonly thought that ‘ species sanitation ’ 
simply implies the correct identification of larvae, the identification 
and biology of the adult being neglected. ‘This would be, of course, a 
perfectly correct procedure if biological behaviour could be measured 
by a morphological yardstick. It implies the principle that morpho- 
logically identical species—bearing in mind that there may be obscure 
structural differences of which we are unaware—always behave in 
the same way. That this is not so is, of course, well known in other 
countries. It is, therefore, possible that, by merely identifying 
larvae and proceeding with control in the shape of spraying or 
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drainage, a harmless race of anopheline may be destroyed. This is 
especially possible if the amount and origin of malaria in a particular 
community is not first estimated—a proceeding which is not the rule 
in South Africa. To sum up, therefore, morphologically identical 


— 
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species may be divided into differing biological groups called ‘ races,’ 
and, following the argument to its logical conclusion, ‘ race sanitation ’ 
may be substituted for ‘ species sanitation.’ 
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Recent researches in South Africa have clearly shown that 
differing biological behaviour within the same species is certainly to be 
reckoned with. It has already been pointed out that the prevalence 
of the larvae of funestus differs enormously in two localities. In one 
they are to be found all the year round, whereas in another they 
disappear during the winter. This is thought to be due to differing 
climatic conditions, so that the races, to distinguish them from purely 
physiological ones inhabiting similar climatic areas, may be called 
‘climato-races.’ Now it has been found that at Mohlaba funestus 
adults enter human habitations much more readily than at Tzaneen. 
The actual figures show that 150 times more adults were caught 
per hut at Mohlaba than at Tzaneen over a period of g months. At 
the same time it must be remembered that at Mohlaba, owing to the 
large numbers present, only some adults were taken at each catch, 
whereas at Tzaneen a thorough examination was made of each hut, 
so that the figure is actually much bigger. It is therefore suggested 
that it will be found that the race of funestus which inhabits the 
Tzaneen area is largely zoophilic, whereas that of Mohlaba is largely 
homophilic. 

Following from this it will at once be seen that it is essential, when 
contemplating anti-malaria control in a given area, to determine 
first of all the species present in human habitations. This brings us 
down to the identification of adult funestus. (It is assumed here that 
the vector of malaria is always a house-frequenter, and our experience 
so far has shown that the infectivity among non-house frequenting 
species is negligible in the parts of South Africa where detailed 
investigations have been made.) 

The identification of adult funestus can be a very difficult and 
sometimes an impossible task. A scheme for separating it from 
other closely related forms has already been given by the author 
(1931), where it will be seen that the chief difficulty lies in the 
differentiation of ¢tvansvaalensis and funestus. Further distinguishing 
features not given in the keys will be seen in the illustrations of the 
wings on pages 345 and 347 of the same publication. In ¢vansvaalensis 
the 4th, 5th and 6th veins are relatively paler, and this feature has 
been found to be of great use in separating some small specimens of 
transvaalensis. Further, in the latter species the base of the costa is 
broken by two pale spots, whereas in funestus there is at most one 
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pale spot, and often this is absent. When we come to distinguish 
funestus var. leesont {rom funestus, however, a very serious difficulty 
arises, for it has been found that the females are inseparable. Close 
on 50 specimens of the variety have been bred in our laboratory 
from identified larvae, and in none of these has any feature been 
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Vic. 7. A. funestus, costa, subcosta, first, second and third veins of the wing. a@.—base of the 
costa broken, third vein pale in centre ;_ 6.—base of costa unbroken, third vein dark ;_ c.—base of costa 
unbroken, third vein pale in centre; d.—base of costa broken, third vein dark; ¢.—base of costa 
unbroken, third vein all dark, apex of wing all dark, other pale spots reduced; f{.—base of costa 
unbroken, third vein all dark, apex of wing largely pale. 


found to distinguish them from funestus. As a general rule, the pale 
markings on the wing of the variety are more restricted, but, as is 
well known from the work of Leeson (1930), the wing of funestus 
is very variable. That author mentions 9 types of wing variations, 
and we give here 6 others (fig. 7) not mentioned by him. It is of 
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interest to note that, whereas the form with the base of the costa 
broken apparently does not appear in Southern Rhodesia, it is quite 
common down here. In none of our specimens of funestus var. 
leesoni, however, is the base of the costa broken. Leeson has further 
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noted that the type of funestus with the third vein pale is the wet 
season form, and this we have been able to confirm. Graph II shows 
the percentage of specimens dissected during a year, with the third 
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vein totally dark. We have, however, been unable to find any 
evidence that this form is the hibernating one, as was suggested by 
Leeson. It is suggestive, nevertheless, that in the month of August, 
when the percentage of dark winged forms reached its maximum, 
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there were no glandular infections noted among 80 specimens. 
Graph III gives the infection rate among funestus adults caught in 
selected huts at Mohlaba. 








96 


A. funestus var. leesont cannot definitely be said to show the 
same seasonal variation, although out of 50 females, 5 had the third 
vein all dark, and 4 of these occurred in May, a relatively dry month. 

The males of funestus var. leesoni are easily distinguished from 
funestus by having 3 instead of 2 pale markings on the palp 
(fig. 8, a and DB). 





A 
»* 





Fic. 8. a.—A. funestus, apex of male palp ; b.—A. funestus var. leesont, apex of male palp. 


It will be clearly understood from the above that it is impossible to 
estimate directly the rdle played by funestus var. leesoni as a vector 
of malaria. We have, however, abundant indirect evidence that this 
variety does not enter human habitations to any extent. During the 
course of the year, 237 males of funesius have been taken in our 
catching stations, and only 1 male definitely belonging to the variety. 
Other evidence which shows that this variety is not homophilic is 
suggested by the following experiment. During April, 1932, funestus 
and its variety were breeding in enormous numbers in the Letaba 
River at Tzaneen. A tent was pitched on the bank of the river, and a 
native slept in it as bait on 7 nights. Each morning a catch of adults 
in the tent was made, as well as during the night or evening, when 
mosquitoes were noticed. The total catch was funestus, or funestus 
var. deesont, 2 females ; funestus var. leesom, 1 male; mauntianus, 
2females; thetlert, 3 females; costalis (gambiae),* 2 females. Compare 
this with a catch on the Letsitele River at Mohlaba, where, during a 
single night, 32 females of funestus typicus or var. and 12 males of 
funestus typicus entered the same tent, showing that the tent and its 
occupant were not distasteful to a homophilic strain. 





* The name costalis is used in this Journal.—Epp. 
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GEOGRAPHICAL DISTRIBUTION OF A. FUNESTUS var. LEESONI 


We have records of this species from the following places :— 
Nylstroom, Waterberg District, Transvaal; Louis Trichardt, 
Zoutbansberg District, Transvaal; Letaba District, Transvaal ; 
N’Kwaleni Valley, Natal ; Darnall, Natal. 

I am greatly indebted to Dr. Annecke and his staff of the Depart- 
ment of Public Health, and to my assistant, Mr. Meeser, for the 
great help rendered in accumulating the data for this paper. 
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I. INTRODUCTION 


Prominent among the problems that still intrigue the student 
of the African trypanosomes is the imperfection of their adaptation 
to the tsetse upon which they depend for survival in nature. It 
has long been recognised that the so-called pathogenic trypanosomes 
fall readily into three groups according to their disposition in the 
fly. One group develops exclusively in the proboscis, another 
invades both gut and proboscis, and the third, in which are the 
two trypanosomes of man, utilises the gut and salivary glands. 
The three groups differ in their ability to develop cyclically in 
Glossina. Ina sample of, say, 500 or 1,000 wild flies of any of the 
common species of game tsetses, the vivax or proboscis-only group 
will be found to be the most common, followed in order of frequency 
by the congolense or proboscis-and-gut group, and, at a considerable 
distance, by the bruce: group, comprising 7. rhodesiense and 
T. gambiense. 
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In an adequate sample of wild flies it is rare to find more than 1 or 
2 per thousand carrying the infective forms of the brucei group, although 
20 or 30 per cent. of the game from which the flies derive their 
main food supply may be proved to be carrying these trypanosomes. 

The same strange inability to develop in the great majority of 
tsetse flies to which they are exposed characterises the behaviour 
of these trypanosomes in experiments with flies hatched in the 
laboratory. The percentage of infected flies is, of course, higher 
than among wild flies, because every fly takes up quantities of 
trypanosomes during the period of the infecting feeds. But even 
here, in the majority, often the very great majority, of the flies 
no development takes place. 

The vivax group in wild flies has been shown sometimes to attain a 40 
or even 50 per cent. infection rate (Lloyd e¢ al., 1924). Experimental 
data on the transmission of this group with laboratory-bred flies 
are very meagre, but no doubt in the more favourable conditions 
attainable in the laboratory still higher figures would be obtained. 
In their restricted adjustment to the insect intermediary, the brucei 
group of trypanosomes presents a remarkable contrast to certain 
non-pathogenic organisms such as 7. melophagium and T. lewist, 
parasites of the sheep and rat respectively, which in the appropriate 
insect host, the ked and the flea, produce on occasion 100 per cent. 
infections. 

The difficulty of infecting tsetse with the bruce: group of trypan- 
osomes has attracted attention ever since the early days of research 
into trypanosomiasis, when, in 1909, Kleine, and immediately 
afterwards Bruce and his colleagues, established the existence of 
a cycle of development in the tsetse. 

To account for the phenomenon, a number of explanations have 
been advanced. Bagshawe and also Kleine and his colleagues 
have laid stress on the probable influence of climate in explaining 
discrepancies between the results of transmission experiments with 
the same trypanosomes and the same species of tsetse in different 
parts of central and eastern Africa. Roubaud (1920) invoked racial 
differences in the tsetse, some races being better transmitters than 
others. Kleine and Eckard developed this theme. They compared 
the transmitting power of tsetse whose parents had been maintained 
on a diet of blood containing numerous trypanosomes, with that 














OMS > hile i hE. pies a 
































IOI 


of the offspring of flies fed on clean blood. No difference was 
discernible. Kinghorn, Yorke and Lloyd (1912) reached the 
conclusion that, whereas the first part of the developmental cycle 
of T. rhodestense in G. morsitans could take place at comparatively 
low temperatures (60° F.), the final invasion of the salivary glands 
demanded higher temperatures (75° to 85°F.). Variations in 
relative humidity they found to be unimportant, even such contrasts 
as 70 to 72 per cent. and 36 per cent. exerting no appreciable effect 
on the developmental cycle. 

In 1912, Muriel Robertson propounded the view that 7. gambiense 
undergoes a recurring endogenous cycle of development in the 
blood of the mammal, in the course of which ‘ there are definite 
periods when the blood is not infective to fly although trypanosomes 
are present.’ Her studies led her to conclude that ‘ the short forms 
of the trypanosome in the mammal are those destined to carry on 
the cycle in the transmitting host’ (Robertson, 1913). It was my 
privilege to watch the progress of this interesting work at Mpumu 
Laboratory in Uganda, and for a number of years now evidence 
has been slowly accumulating on the adequacy of this view to 
explain daily variations in the number of flies that develop flagellate 
infections in experimental transmissions with trypanosomes of the 
T. brucei group. The subject is beset with difficulties. Experi- 
mental transmissions require much time, an almost unlimited supply 
of tsetse and a considerable share of good fortune; and a system 
of control experiments, so simple of application in many of the 
problems of bacteriology, is here often almost impracticable. Data 
bearing on Robertson’s views will be considered in a later paper 
of this series. 

It seems certain that in nature strains of trypanosomes undergo 
frequent modifications as they pass from host to host. Among the 
game of a fly belt will be found individuals possessed of degrees of 
tolerance or immunity acquired by repeated exposure to infection ; 
and, although we have still much to learn about the immunology 
of trypanosomiasis, there is already some justification for supposing 
that passage through such an animal may leave an impress on the 
strain as a whole. Then, too, admixture in the same animal of 
different strains of the same species, or of one or more different 
species of trypanosome must be a common occurrence in nature, 
and this again will help to keep the kaleidoscope in motion. 
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After a brief excursion into this line of work, Lloyd reached the 
conclusion that ‘ the factors which influence the rate of infection in 
tsetse by trypanosomes are so many that it is impossible to estimate 
with any accuracy the transmissibility of any particular strain ’ 
(Lloyd, 1930). 

I do not quite agree with this verdict. Great accuracy is not 
at present possible, nor is it necessary to our purpose. But it is 
certainly possible to distinguish between a readily transmissible 
and a non-transmissible strain, and also to recognise broad differences 
between different transmissible strains. Once they are safely 
isolated at the laboratory, strains of the bruce: group will, I think, 
be found on careful study to exhibit fairly definite characters in 
their behaviour in the tsetse intermediary. Some are more, some 
are less readily transmissible, and in constant conditions of main- 
tenance behave in a manner consistent with this description. A 
strain may show different degrees of transmissibility in different 
species of mammalian hosts, in the manner indicated in the Final 
Report of the League of Nations Commission; but here again the 
variation appears to follow definite rules. 

There is also a tendency, in certain conditions of maintenance, 
for a strain to lose its transmissibility by Glossina. Hitherto this 
phenomenon has been observed chiefly in T. gambiense, and the 
transmissibility of this species by tsetse seems to be a distinctly 
unstable character. Progressive loss of biological contact between 
trypanosome and tsetse is characterised by a stage where invasion 
of the salivary glands no longer occurs, although the trypanosome 
can still develop readily in the gut; and, according to a steadily 
growing experience with G. palpalis in Uganda, in both field and 
laboratory, once the power of invading the glands has been lost it 
is never recovered. 

Indications of this kind, vague though they may be at first, 
gradually take shape and encourage and suggest further investigation. 

Our situation at Entebbe is extremely favourable to the study 
of the transmissibility of trypanosomes by G. palpalis, whose pupae 
are easily obtained in large numbers. It is hoped also in future to 
secure from time to time adequate supplies of G. morsitans pupae, 
a number of which have been sent to us recently by Dr. C. H. N. 
Jackson, of the Tsetse Reclamation Department, Tanganyika 
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Territory. Our aim is to obtain as many strains as possible of 
polymorphic trypanosomes and to test them in clean tsetse as soon 
as possible after their isolation from either wild fly or game or man. 
The method of testing is uniform, and it is claimed that the results 
obtained are comparable. After a brief study of their behaviour 
in the fly, the majority of the strains are for reasons of economy 
abandoned as new ones are acquired. In a few instances, the 
behaviour of a strain is followed for some months, during a series 
of cyclical passages through fly from monkey to monkey. These 
laboratory studies, supported by field investigations in accessible 
fly belts in and around Uganda, render possible the gradual accumu- 
lation of information that must eventually lead to an increased 
understanding of the polymorphic group of trypanosomes and their 
susceptibility to measures of control. 

It is proposed, in the series of papers of which this is the first, to 
consider in turn the more obvious of the factors that go to make up 
the environment of the brucez group of trypanosomes in nature. 
The object is to discover whether anything really does exert an 
influence on their infectivity to tsetse, or, otherwise expressed, on 
the power of the fly to transmit them. If nothing can be found, 
it may nevertheless be possible, by a sufficiently exhaustive examina- 
tion, to eliminate some of the uncertainty that at present obscures 
this subject. 

In the present paper, a general review will be taken of the results 
obtained by different observers by the dissection of game tsetse in 
various parts of Africa. 

By this means it is hoped to secure a conception of the 
degree of adaptation between trypanosome and fly attainable under 
natural and under laboratory conditions. The available literature 
has been searched and every observation bearing on the matter 
extracted and recorded. In several instances, the cited percentage 
of infected flies differs from that of the original author, the 
discrepancy being due to the inclusion in the original estimate 
of a number of flies that were never actually dissected. 

In many of the transmission experiments with game tsetse, no 
details of dissections are recorded, and in others only a few of the 
flies used were examined. 

It is not necessary for our purpose to attempt to distinguish 
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between flies with infected glands and flies which merely have 
flagellates in the intestine and are consequently not infective. The 
important figure is the percentage of flies that contain established 
and developing flagellates. The main object of this paper is to 
collect and present the data on this subject, accumulated by different 
observers. 

There is a tendency nowadays to condemn and discourage what 
is called academic or long range research, on the grounds that the 
British tax-payer demands only results of immediate practical 
utility. The Entebbe Institute has in the last year or so come in 
for its full share of this kind of criticism. 

It may, therefore, be expedient to point out that the kind of 
research exemplified by the investigations to be recorded in this 
series of papers does not represent the sole or even principal part 
of the programme we are attempting to carry out. Much of the 
evidence to be presented in this series has been supplied by trans- 
mission experiments directed to the solution of other problems of 
unquestionable practical importance. As far as possible, all passages 
from animal to animal of the trypanosomes studied at the Institute 
are made by cyclical transmission by tsetse. Large numbers of 
flies are employed in these undertakings, and, by slightly modifying 
the ordinary procedure, it is easy to attend to a number of side 
issues en route to the main object. 

On the other hand, it may reasonably be contended that any 
addition to the sum of knowledge about the normal relations of the 
human trypanosomes to their tsetse vectors is worth both time and 
trouble. Even a ‘negative’ result, if properly controlled and 
substantiated, may have real practical value in dealing with the 
spread and control of human trypanosomiasis. 


II. ON THE DISSECTION OF THE SALIVARY GLANDS OF 
TSETSE: UNILATERAL INFECTIONS 


Kinghorn, Yorke and Lloyd, in the Eighth Interim Report of 
the Luangwa Valley Commission, after describing their method of 
dissection of the salivary glands, remark: ‘This method has obvious 
advantages over that described by the Royal Society Commission, 
in which after snipping off the terminal segment of the abdomen, 
the whole contents were expressed on to a glass slide and the salivary 
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glands subsequently separated from the mass of intestines and other 
structures. We claim for the technique adopted by us that the 
process is quicker, more certain, and that the danger of contamination 
from the intestines is reduced to a minimum.’ This calls for a 
word of explanation. Whatever was the method first employed by the 
Royal Society’s Commission, that in use in Uganda during recent 
years does not aim at extracting the glands simultaneously with the 
rest of the abdominal contents through the posterior opening. By 
a very simple manipulation of the needles, the abdominal contents, 
sometimes accompanied by the proventriculus, are expressed first, and 
then, if they are wanted, the glands are pulled out separately. With 
very little practice, it is easy to obtain both glands and their ducts 
intact as far as the extreme proximal end of the latter. This is 
important, not from any danger of confusing gut forms with salivary 
gland flagellates, but because, once a gland is ruptured anywhere 
along the main tubular part, its contents are liable to extremely 
rapid evacuation through the opening. Light infections of a gland 
with trypanosomes—-and such infections are much commoner than 
is generally realised—may be completely emptied through such a 
wound in a surprisingly short time, and the scanty flagellates that 
emerge are easily lost to view. 

A heavy gland infection is at once obvious, and on their emergence 
through a rupture or through the broken extremity of the duct the 
masses of gland flagellates are easily recognisable, wherever they 
may wander. But in the case of light infections very careful 
inspection is necessary all along the organ, which must be under 
sufficient pressure from the coverslip to ensure perfect optical section. 
In such cases it is advisable first of all to inspect the orifice of the 
duct, from which it may be possible to watch flagellates emerging 
under pressure. Then, by increasing the pressure on the coverslip, 
a rupture can be made, and again the contents carefully scrutinised 
as they flow out. The method of deliberately cutting off the fly’s 
abdomen and so severing the glands at the junction of the glandular 
part with the broader part of the ducts is, I think, open to the grave 
drawback that certain types of light infection might easily be lost 
by evacuation through the incision. I have seen gland infections 
with only a few flagellates in the duct and none in the glandular 
portion ; others, where the whole gland and duct is blocked with 
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them ; and others, again, where there are a few scattered flagellates 
in the distal part of the duct and the shoulder, none in the 
middle portions of the glands, and a few attached in the extreme 
fundus. It will be shown in a later paper that there is good 
reason to conclude that light gland infections are characteristic of 
certain strains. 

And here may be described what is, I believe, a hitherto 
unrecorded phenomenon, namely unilateral gland infection, where 
only one of the glands contains flagellates. 

I have now witnessed this phenomenon on three occasions in 
laboratory-bred flies infected experimentally at Entebbe. In a 
fourth fly, marked asymmetry occurred. 

(1) Experiment 99. A @ G. palpalis: killed on 31st day of experiment : 


T. rhodesiense strain. One gland absolutely negative; the other contained a 
moderate infection of duct, body and fundus. The negative gland was emptied 
and the contents carefully scrutinised. Dissection perfect. 


(2) Expertment 916. A Q G. morsitans: killed on 38th day of experiment : 
T. rhodesiense strain. One gland negative from tip of duct to fundus; contents 
expelled and scrutinised. Dissection perfect. The other gland showed a sparse 
and straggling line of flagellates attached to the duct ; a narrow, thickly infected 
zone, free forms and attached, at the shoulder and in the anterior half of the body ; 
and none in the posterior half of the gland. 


(3) Expertment 970. A 3 G. morsitans: killed on 43rd day of experiment : 
T. rhodesiense strain. One gland heavily infected throughout its whole length. ‘The 
other gland, intact from the tip of duct to fundus, showed a few flagellates attached 
in the narrow distal part of the duct only; none in the glandular part or fundus. 
Dissection perfect ; contents expressed and examined. 


(4) Experiment 974. A o G. morsitans: died on 28th day of experiment : 
T. rhodesiense strain. One gland showed a moderate infection of duct and shoulder 
and body. The other gland, perfectly dissected, was negative from end to end. 

Of these 4 flies, numbers 1 and 4 were not tested on clean animals, 
number 2 infected several clean animals, and number 3 the only one 
it bit. The 3 G. morsitans form part of a total of 26 flies of this 
species which developed gland infections in various transmission 
experiments at Entebbe. 

Before excluding a gland infection, it is thus necessary to see 
both glands throughout their length. 

During the last few months, thanks to the kindness of 
Mr. Swynnerton and Dr. Jackson, of the Tsetse Research Depart- 
ment, Tanganyika, I have had the opportunity of carrying out 
transmission experiments with G. morsitans hatched in the laboratory. 
Compared with G. palpalis, this tsetse is generally speaking of a 
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more delicate build. The breaking strain of the glands is, for 
example, considerably less in G. morsitans than in G. palpalis, and 
it is in consequence more difficult to pull the glands out intact 
through the posterior amputation wound. 

For this reason, the dissection of the glands of all but freshly 
killed G. morsitans is more difficult, and a modified procedure has 
been adopted. If, after removal of the gut, fat body, etc., the 
ends of the glands do not protrude posteriorly through the abdominal 
incision, the head of the fly should be gently pushed off the thorax, 
in the manner described by Lloyd, and the glands drawn out 
anteriorly. I find it better to pull the thorax off the glands by 
anchoring the head, than to pull the head and glands away from 
the anchored carcase. This modification is very useful in dissecting 
flies that have died over or during the night. With a freshly killed 
morsitans the glands usually come out readily by the ordinary 
Uganda method. If they do not, then the head method can be 
employed. 


III. ON DOUBLE INFECTIONS 


The first reference to the possible occurrence of double infections with 
two species of trypanosome in the same individual fly occurs in the First 
Report of Johnson and his colleagues at Sherifuri (Johnson and Lloyd, 
1923). No details are given, but the phenomenon is mentioned as 
complicating the calculation of the trypanosome infection rate in wild 
flies as determined by dissection. In their Second Report, double 
infections are referred to at greater length, and a very interesting 
observation is recorded (Lloyd e¢ al., 1924). Inall, 7 gland infections 
were detected in 19,000 wild morsitans and tachinotdes dissected. 
In 6 out of these 7 flies, fully developed infections of the congolense 
group were also recognised (Lloyd e¢ al., 1924). Thesame phenomenon 
was met with by me during the dissection of wild G. swynnertont in 
the neighbourhood of Mwanza in Tanganyika Territory, where a fly 
was found with a massive infection of gut, glands and proboscis. 
In the estimate of infected flies for the area, this fly was counted 
as infected with bruce: group (Duke, 1923). 

There will be occasion to refer again to these 8 flies in a later 
paper of this series. It may, however, be noted in passing that they 
afford very significant evidence that certain individuals among 
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the tsetse population are specially fitted to act as intermediate 
hosts of the pathogenic trypanosomes, and that the peculiar endow- 
ment, whatever it may be, appeals to at least two, and probably 
to all three, groups of these trypanosomes. 

In the present discussion, double infections are mainly of interest 
because of the confusion they may introduce into the estimation 
of the infectivity of wild fly. 

Take, for example, the 7 doubly infected flies mentioned above. 
In a calculation of the percentage of wild flies that carry trypan- 
osomes—the point with which we are concerned in this paper— they 
count merely as 7 infected flies. But in a calculation of the 
prevalence of trypanosomes in wild fly, they present 14 infections. 

In the reports of the West Coast investigators, it is not sufficiently 
clear whether the tables of the results of dissection of wild flies 
given in the first report and in Lloyd and Johnson’s later paper 
relate to the same or to different collections of flies. The Table in 
the First Report apparently does not differentiate between simple 
and double infections : presumably a doubly infected fly would be 
recorded as one infected insect. In the other Table, it is impossible 
to determine the percentage of flies carrying trypanosomes, owing 
to inclusion of double infections under each of the groups of trypan- 
osomes represented. For our purpose, therefore, the percentage 
given in the First Report will be taken. The West Coast figures 
are considerably higher than those obtained by other observers. 
This is in part due, no doubt, to the more elaborate technique 
rendered possible by bringing the flies to the laboratory for dissection. 
My own dissections were all done single handed, save for the removal, 
by a native, of the legs and wings of the flies, whilst 1 was on safari 
in the fly-belts. The method pursued was to remove the gut and the 
proboscis of each fly, and to examine them in saline under coverslips, 
one at each end of the slide. If the gut and proboscis are both 
positive, the fly is recorded as showing a congolense infection ; if 
flagellates are found in the gut alone, then, and then only, are the 
glands examined. With this technique it is plain that double 
infections would normally be overlooked, and my figures of the 
incidence of the brucei group will tend to err on the low side. The 
single instance in G. swynnertoni, referred to above, was detected 
simply because the fly had bitten me and my attendant, and 
curiosity was therefore aroused. 
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IV. FIELD AND LABORATORY RECORDS OF THE TRANSMITTING 
POWER OF TSETSE 


In this Section, the observations on the infectivity of tsetse 
recorded in the available literature are recorded in two Tables, 
I and II. Some figures are included from the Entebbe records, for 
the sake of comparison. Table I relates to wild fly, Table II to 
experiments in the laboratory with the clean tsetse hatched in 
captivity. In Table I, the total number of flies infected with all 
three groups of pathogenic trypanosomes is given. In Table II, 
the figures relate solely to the polymorphic group. 

Although it contains practically all recorded observations on 
this subject, there is little to be learnt from Table II, partly because 
of lack of information about the strains of trypanosomes tested, 
and partly because the great majority of the experiments deal with 
very small samples of flies. 

In general, the figures agree with those shown in Table I, and 
from the two Tables it would appear that a 20 per cent. infection 
rate in any of the species of tsetse included in the inquiry is an 
unusual occurrence. 

In Lloyd’s experiments with laboratory-bred tachinoides, there 
occurs a single experiment (No. 44) comprising 15 flies, 13 of which, 
or 86-6 per cent., were infected with 7. bruce: (Lloyd, 1930). This, 
as Lloyd remarks, is the highest infection rate hitherto recorded. 
These particular flies had been kept in the incubator at 92° to 97° F. 
for 8 days. An attempt to repeat the experiment under identical 
external conditions produced only 8 per cent. of infections. In 
the 277 flies used in the whole test, in which No. 44 was included, 
9'3 per cent. were infected. Experiment No. 44 must, therefore, 
be regarded for statistical purposes as a freak sample of flies, and 
stands unexplained, a most interesting and noteworthy observation. 
That in certain as yet undetermined circumstances unusually high 
infection rates may occur is shewn also by Corson’s observation 
that, of 14 wild G. pallidipes which had been fed for a few weeks 
on a sheep infected with T. rhodesiense, 5 (i.e. 35 per cent.) were 
found on subsequent dissection to carry gland infections, another 
arresting observation in this line of work. 

Both these records suggest that at times tsetse may, even with 
the polymorphic group of trypanosomes, approach the ideal of the 
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Tasie | 
Altitude 
Observer Date (feet above Place Species Number | Per cent. Remarks 
sea level) of fly dissected | infected 
Kinghorn and 1g09g Kambole, south | morsitans 113 78% 
Montgomery end of Lake 
(1909) Tanganyika 
‘Taute (1913) Igl2-13 1,800 ft. | Lubimbimu, morsitans 369 73% 
Tanganyika 
Territory 
Bruce, et al. (1915) Igi2 3,000 ft. | Upper Shiré, morsitans 1,975 6°53% 
Nyasaland 
Bruce, et al. (1915) 1913 3,000 ft. | Upper Shiré, morsitans 1,060 858% 
Nyasaland 
Bruce, et al. (1915) 3,000 ft. | Upper Shiré, brevipalpis 496 88% | (16% T. grayt). 
Nyasaland 
Robertson . Igl4 3,300 ft. | Masindi, Uganda} morsitans 445 9°4% | Proboscis only 3°8%, 
Proboscis and gut oon 2G, 
Gut only 2%, 
Duke (1916) 1gl4 3,300 ft. | Masindi, Ugandal morsitans 1,117 13°49% | Proboscis only ee, 
Proboscis and gut ine OE, 
Gut, not proboscis - 18% 
(3 flies with salivary glands). 
No T. grayt. 
Duke (1916) IgI4 2,030 ft. | Fajyao, Uganda | morsitans 606 96% | Proboscis only ... sae ON, 
Gut and proboscis 8% 
Gut only ‘es vee OF 
No T. grayt. 
Duke 1932 2,030 ft. | Fajao, Uganda | morsitans 735 11°9% | Proboscis . 35% 
Proboscis and gut 4° 
Gut only (mammal.) 3°0% 
T. grayt... 38% 
Duke (1916) Igl4 2,800 ft. | Ngussi River, pallidipes 65 18-49%, | Proboscis we oo PS, 
Uganda Gut only — in 
Proboscis and gut » & 3% 
Gut and salivary glands 3-0°, 
No T grayt. 
Duke 1932 2,800 ft. | Ngussi River brevipalpis I21 08% 
Uganda 
Duke (1923) 1923 3,700 ft. | Near Mwanza, | swynnertont 2,206 9°3% | Probocis only... a OO 
Tanganyika Proboscis and gut 19% 
Territory Gut only _ ee ay A 
Gut and gland 0'13% 
No Tf. grayt. 
Duke 1932 4,000 ft. | Nsongezi, morsitans 109 575% | Proboscis O'9"o 
Uganda Proboscis and gut 1°9°5 
Gut 29% 
Duke and Wallace ... 1932 3,700 ft. | Bugoto pallidipes 231 6°4% | Including T. grayt "7% 
Johnson and Lloyd | 1922-23 N. Nigeria morsitans 500 26°3% | Proboscis 152% 
(1923) Proboscis and gut - 60% 
Gut only 52° 
No T. grayt. 
Johnson and Lloyd | 1922-23 N. Nigeria tachinoides 1,500 11°3%* | Proboscis - 54% 
(1923) Proboscis and gut oe PP 
Gut only woe 48% 





























* In a sample of 1,497 G. tachinoides, 11-9% were found infected with T. grayi. The same sample contained 11°9% of flies 
carrying developmental forms of mammalian trypanosomes, i.e., the total percentage of G. tachinoides infected with trypanosomes, 


mammalian and 


reptilian 


23°8%. 
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successful insect vector, i.e. 100 per cent. of successes. Unfortu- 
nately, in both instances the figures are far too small to justify any 
conclusion, save perhaps that extreme caution is required in carrying 
out experiments on this subject. Records of 25 per cent. and even 
30 per cent. infected do indeed occur in single transmission 
experiments with G. palpalis and T. rhodesiense at Entebbe. 
But here also these high percentages always relate to very small 
samples, and the figures for the whole test invariably assume more 
sober proportions. 

My own experience, much of which will appear in later papers 
of this series, strongly indicates that G. morsitans is a better trans- 
mitter of trypanosomes than G. palpalis. But, so far as the 
experimental investigation of this point has yet progressed, the 
difference is not very great; and a 20 per cent. infection rate in 
tsetse exposed to the polymorphic group of trypanosomes still 
remains a standard rarely realised, either in nature or in the 
laboratory. 

There is evidence also that G. pallidipes may in certain localities 
show a higher infection rate than G. morsitans. The figures for this 
species in the Ngussi area in 1914 (18-4 per cent.) are higher than 
any obtained with G. morsitans in Uganda; and 3 per cent. of the 
flies then dissected showed infection of the salivary glands, which 
is, I believe, the highest rate ever reported for the polymorphic 
group in wild tsetse. Corson’s experiment quoted above is another 
instance of the capability of G. pallidipes. At Fajao in Uganda, in 
1932, out of 5 G. pallidipes caught and dissected, 2 were infected, 
one in the proboscis and the other in the gut. On the other hand, the 
pallidipes dissections from the shores of Lake Victoria, shown in 
Table I, reveal a low infection rate, and it may be that climate 
plays an important part in determining the efficiency of this species 
as a transmitter of trypanosomes. It must be remembered, how- 
ever, that on Lake Victoria G. pallidipes is closely associated 
with hippo, and the presence of 7. grayz shows that the fly also 
feeds freely on reptiles. 

I have no longer any doubt that strains of trypanosomes differ 
from one another in their transmissibility by tsetse, and my 
experience points to the conclusion that, as a general rule, 
T. rhodesiense is more readily transmitted by Glossina (even by 
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G. palpalis, which is not its normal vector) than is 7. gambiense. 
Unless the data are entirely misleading, it follows, therefore, that 
the highest degree of adjustment between the polymorphic trypan- 
osomes and tsetse will be found in morsitans and pallidipes areas. 
For this reason, the records set forth in the Tables are of interest, 
and for this reason also it is very desirable to obtain further reliable 
observations about these two species of tsetse in nature. 


It is perhaps not out of place to record here some observations 
that illustrate the way in which tsetse and the trypanosomes they 
carry depend upon certain species of animals. Along the Ngussi 
River in the Northern Province of Uganda, when I visited the 
area In 1914, game was very plentiful. Kob, water-buck, elephant, 
hippo and especially buffalo were all seen close to the river. 
G. pallidipes was common, and a few G. brevipalpis and many 
G. palpalis were caught in the narrow strip of forest running along 
the river’s edge. Of 65 G. palpalis dissected, 3 per cent contained 
gland-infections—a very unusual number in any sample of wild 
tsetse. Ninety-five G. palpalis were dissected, and of these 8-4 per 
cent. contained flagellates, 2:2 per cent. proboscis-only, I per cent. 
gut-only, and 5:2 per cent. proboscis-and-gut. The proportion of 
T. congolense infections is unusually high for G. palpalis in Uganda. 
No 7. grayt was found in any of the three species of fly. 

When I revisited my old camp in 1932, there was hardly 2 head 
of game to be seen, save hippo which were as numerous as ever. 
The rinderpest of a year or two ago had wiped out the buffalo (day- 
old tracks of a single animal only were seen), and in many hours’ 
hunting we only saw occasional signs of kob and water-buck. Even 
elephant were rare visitors. During an 8-days’ stay at the 
river, 5 pallidipes were caught and dissected and none contained 
flagellates. This species of fly, numerous in 1914, had apparently 
all but disappeared with the buffalo and other ruminant game. 
On the first day, two hippo were killed for food for the porters, and 
the remainder of the school moved off far up stream and were never 
seen or heard again near the camp. 

The daily catches of G. brevipalpis were as follows :— 

Ist day Id 4th day 30535 1599 
2nd day Id 5th day 2435 1399 
3rd day 633 399 6th day 1735 119Y 
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This large species is known to depend mainly on hippo and 
elephant, and in the present instance, on the departure of the hippo, 
these flies were constrained to reveal themselves in search of food. 
Only one of the 121 G. brevipalpis dissected contained flagellates— 
a gut infection of a mammalian trypanosome. The palpalis dis- 
sections are also of interest. Six hundred and seventy males and 
259 females were dissected. Of these 92g flies, ro (1 per cent.) 
showed infections of gut and proboscis, and 8 (0-8 per cent), gut- 
only infections. Again no 7. grayi was found. There are no 
crocodiles along these reaches of the Ngussi, but a few Varanus 
frequent the river banks. 

The few specimens of proboscis-and-gut infections in these 
later Ngussi G. palpalis that were stained and examined corres- 
ponded with the description given by Lloyd and Johnson for 
I’. congolense. The absence of proboscis-only infections is very 
striking, as this is usually the commonest kind in any sample of 
wild flies that have access to game. The fall in the infection rate 
of G. palpalis is striking, and must be ascribed to the disappearance 
of ruminant game. The pfalpalis were undoubtedly feeding freely 
on the numerous hippo before our arrival frightened the animals 
away, and it is possible that 7. congolense may occur in hippo- 
potamus in nature. On the other hand, the rarity of flagellates in 
the G. brevipalpis dissected makes this unlikely, as this big species 
of tsetse undoubtedly depends very largely for its food on hippo 
and on elephant. It is more likely that the proboscis-and-gut 
infections in the G. palpalis were acquired from antelope, especially 
bush-buck, which still pass occasionally through the forest belt, 
and the evidence we have been considering tends to show that the 
hippopotamus does not act as a host of 7. congolense in the Ngussi 
area. 

Another interesting observation was made later in the same 
safari, at Fajao, below the Murchison Falls on the Victoria 
Nile. In rgr4, antelope, buffalo and elephant were exceed- 
ingly numerous, the country being a closed and_ uninhabited 
sleeping sickness area. The Nile in this region swarms with hippo 
and crocodiles. In 1932, the game was found to be enormously 
reduced in numbers, presumably by rinderpest. The neighbourhood 
of Fajao has always been a great buffalo country, and I met with 
many herds of these animals there in 1914. In 1932, in the course 
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of long detours inland, I saw no signs of buffalo. There were 
elephant and, near the river, a few water-buck and kob, and 
G. morsitans was certainly much less numerous than in Igr4. 
Baboons were as common as ever, and no doubt serve as food for 
the tsetse. Hippo from the river roam for several miles inland 
during the night, and are frequently to be seen feeding ashore in 
daylight. G. morsitans was found in several restricted localities 
«a mile or two from the river, and a few specimens of this fly followed 
me on several occasions back to the water’s edge. All along the banks 
of the Victoria Nile are innumerable crocodiles. In 1914, no signs 
of 7. grayt were detected in any of the G. morsitans then dissected. 
In 1932, 3°8 per cent. of the wild G. morsitans examined were carrying 
this trypanosome. G. morsitans has not hitherto been known to 
attack reptiles in nature, and has never been found to carry 7°. grayt. 
In order, therefore, to confirm the observation, I sent slides of some 
of the infected flies to Dr. Wenyon, of the Wellcome Research 
Bureau. Dr. Wenyon kindly sent me a report on these slides by 
Dr. Hoare, stating that the flagellates were of the gray: type, and 
that, although 7. amgens or an allied form could not definitely be 
excluded, there was little doubt that they were indeed 7. grayt. 
There is, therefore, no reasonable doubt that G. morsitans will on 
occasion feed on reptiles, and that in the present instance the 
scarcity of game has led to the fly’s resorting to the crocodiles along 
the river bank. 

There is one more point which it will be well to note before 
leaving this topic. Lloyd and Johnson in Nigeria never found 
7. grayvt in G. morsitans, and they showed that the number of 
infections with pathogenic mammalian trypanosomes was much 
greater in G. morsitans than in G. tachinoides. Vheir figures also 
show, however, that if infections with 7. gray be included, the total 
percentage of trypanosome-containing flies is very nearly the 
same for both G. morsitans and G. tachinoides. My figures for the 
lajao G. morsitans tell very much the same story. The percentage 
of G. morsitans carrying exclusively mammalian trypanosomes 
in I9I4 was 9-6 per cent., the percentage in 1932, carrying a mixture 
of reptile and mammalian, I1-g per cent. These facts, taken in 
conjunction with the observations made above on the subject of 
double infections, afford yet further evidence in support of the 
contention there advanced, namely, that in a certain pro- 
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portion of any fly population trypanosomes can develop, whereas 
in many they cannot. According to this view, we may expect 
to find sooner or later among these Fajao morsitans double infections 
of the same individual fly with a reptilian and a mammalian 
trypanosome. Further, it would appear from the evidence that 
the trypanophil quality resides in the whole digestive tract and is 
not restricted to the gut or to the proboscis, and that it is beneficial 
to any of the species of trypanosomes that use tsetse in nature. 


V. GENERAL INFERENCES 


1. A consideration of the results of the dissection of wild tsetse 
by a number of observers in different parts of Africa suggests that 
the adjustment between the mammalian trypanosomes and _ the 
tsetse upon which they depend in nature is not very close. Of the 
pathogenic mammalian trypanosomes, the proboscis-only group, 
comprising 7. vivax and its allies, is almost always the most widely 
distributed in wild tsetse, and the polymorphic group is the least 
successful. 

2. In theory, transmission experiments with laboratory-bred 
tsetse should yield a higher infection rate than that obtaining in 
wild flies. Table II shows that the carrying power of the tsetse, 
under what appear to be abnormally favourable conditions, rarely 
exceeds 20 per cent. when an adequate sample of flies is taken. 

3. There are indications that the full carrying capacity of a 
given tsetse population in nature may often remain untested owing 
to the prevalence in the area of food animals that are unsuitable 
hosts for the trypanosomes that depend upon the tsetse. Baboons 
and large reptiles, possibly elephants and probably hippo and wild 
pig fall into this category of food animals. 

4. There are indications that only a certain limited number 
of individuals of any tsetse population are able to act as hosts for 
trypanosomes. The existence of double infections of the same 
fly with two different species of trypanosome supports this con- 
clusion. These gifted individuals appear to constitute but a small 
proportion of a fly population and to be suited to all species of 
trypanosomes that can develop in tsetse, whether mammalian or 
reptilian. It is probable that species and also strains of trypanosomes 
differ in their ability to utilise these potential carriers, 
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5. The indications in favour of climate being an important 
factor in determining the infection rate are not at all clear. More 
experimental and field work is required on this subject. 

6. There are indications that G. pallidipes may in certain 
circumstances attain a relatively high standard of efficiency as a 
carrier of the pathogenic mammalian trypanosomes. Whether 
this is determined by climate, or by the racial peculiarities or the 
feeding proclivities of this fly, cannot yet be determined. 

7. Unilateral infections of the salivary glands have been shown 
to occur in both G. morsitans and G. palpalis in flies dissected during 
laboratory transmission experiments. 

8. It has been shown that G. morsitans in nature may be infected 
with a trypanosome of the 7. gray: type, an observation which 
strongly suggests that this species of tsetse on occasion feeds on 


reptiles in nature. 
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STUDIES ON THE FACTORS THAT MAY 

INFLUENCE THE TRANSMISSION OF 

THE POLYMORPHIC TRYPANOSOMES 
BY ‘TSETSE 


Il, ON THE TRANSMITTING POWER OF 
DIFFERENT RACES OF GLOSSINA 


BY 


H. LYNDHURST DUKE, O.B.E., M.D., Sc.D. 
(From the Human Trypanosomiasis Institute, Entebbe, Uganda) 
(Received for publication 25 January, 1933) 


In a paper published in 1930, it was stated that experiments 
were being devised to find out whether different races of tsetse 
from different localities differ appreciably in their susceptibility to 
infection with trypanosomes (Duke, 1930a). Huff's work with 
Culex pipiens and P. cathemerium shows that, by selective breeding, 
races of the mosquito can be produced which transmit much more 
readily the parasite of bird malaria than do normal races. In the 
mosquito, only the female can serve as a vector, whereas in the 
tsetse both sexes are apparently almost equally efficient (Duke, 1930). 
Roubaud, years ago, suggested that geographical races of Glossina 
might occur which possessed greater transmitting power than others 
(Roubaud, 1920). In 1912, Kleine and Eckard carried out experi- 
ments to see whether tsetse developed any immunity to trypano- 
somes. They examined the offspring of flies that had been fed 
for some three weeks alternately on monkeys infected with sleeping 
sickness and on goats carrying 7. congolense. The pupae deposited 
by these flies were collected, and the 434 flies which subsequently 
emerged were fed on infected monkeys. On the eighteenth day, the 
402 survivors were dissected, and 11, or 2-7 per cent., were found to 
be infected, In another series of go flies, the experiment was 
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continued for a month, and then the flies were fed in batches on 3 
different monkeys: all 3 monkeys became infected, showing that 
at least 3 infective flies were present. These figures corresponded 
to those obtained under similar experimental conditions with young 
Glossina, whose parents had not been fed upon infected animals in 
the manner described. The authors concluded that there is no 
reason to believe that there are developed, in the body of a fly which 
daily takes up trypanosomes, anti-bodies which are transmitted to 
the next generation. In the experiments now to be described, two 
collections of pupae were obtained, one from Damba Island, Lake 
Victoria, and the other from the mainland shore line near Entebbe. 
The island of Damba has been uninhabited since 1909, and was 
declared a game reserve in 1926. It is heavily forested from end 
to end, and is remarkable for the large numbers of situtunga antelope 
that live upon it. At the present time, the animals, though still 
numerous, are less so than they were during the period 1910-25. 
There are also numerous crocodiles, and Varanus, and G. palpalis 
is very plentiful. The beach where the pupae were collected is 
about 20 miles, as the crow flies, from the mainland beach where the 
other collection was made. For the purposes of this experiment, 
we may safely assume that the Damba flies are completely isolated 
from the mainland ; that they feed largely on antelope which carry 
both the polymorphic and the vivax-groups of trypanosome; and 
that, in years gone by, their ancestors acted as very efficient trans- 
mitters of sleeping sickness. The mainland beach that supplied 
the other collection of pupae lies a few miles from Entebbe, at a 
spot where there are practically no antelope, but plenty of hippo 
and crocodile. It is improbable that these flies in nature ever pick 
up any trypanosome save 7. grayi. There are villages quite near by, 
the inhabitants of which during the last twenty years at least have 
been entirely free from sleeping sickness. Although the distance 
between the two points of collection of pupae is actually small, the 
degree of separation of the fly of the two areas is complete for all 
practical purposes ; and, whereas the dietary of the fly on Damba 
includes trypanosome-infected blood, the only trypanosome ever 
taken up by the mainland fly is, in all reasonable probability, 
T. gray. 
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METHOD 


Pairs of boxes, each box containing originally some 50 flies 
hatched from one of the two collections of pupae, were fed twice, 
with a day’s starvation in between the feeds, on a monkey carrying 
a trypanosome known to be transmissible by G. palpalis. T. gam- 
biense or T. rhodesiense were the trypanosomes used. Flies dying 
during the first day or two of each experiment were, as usual, 
ignored. Thereafter all flies in the boxes were dissected as they 
died, and after a suitable tirne, usually 30 days, the survivors were 
killed with chloroform and dissected. 

The details of the actual experiments need not be given in full. 
The results of the investigation were as follows :— 


Mainland flies: Nakiaga. 





Total dissected ‘a ” oe it 1,066 

Total containing flagellates ... oa _ 32 

Percentage infected ... " ‘ia .-— oe 
Damba flies. 

Total dissected “a sie a sa I,IIT4 

Total containing flagellates ... oni te 34 

Percentage infected ... a) si — 260% 


—a very striking agreement between the two groups of flies. 
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In 1912-13, Kleine and Fischer, near Rutschugi, six hours’ march 
north of the great caravan route between Tabora and Udjiji, carried 
out a series of experiments to compare the transmitting power of 
G. morsitans and G. palpalis. Laboratory-bred flies were employed 
and a number of different strains of 7. gambiense. Paired boxes, 
each component containing originally the same number of flies, 
were fed either simultaneously or one immediately after the other 
on monkeys (Cercopithecus rufov.) infected with this trypanosome. 
It is not quite clear whether every fly that died during these experi- 
ments was dissected, though from the text this appears to have 
been done. Experiments where infection of a clean animal did 
not occur were continued for 70 days. At the end of an experiment, 
all surviving flies were dissected and a preparation of the gut 
contents was examined for flagellates. Gland dissections were not 
made (Kleine and Fischer, 1913). 

In these admirably conceived and executed experiments, 881 
G. palpalis and 881 G. morsitans were employed. Twenty-three 
G. palpalis and 54 G. morsitans developed infections, i.e. 2-6 per cent. 
and 6-1 per cent. respectively. Commenting on these figures, the 
authors remark that the mortality of G. palpalis after the thirtieth 
day of the cycle exceeded that of G. morsitans by 15 per cent. Up 
to that date numbers remained approximately the same. They 
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consider that this factor may partly explain the difference noted 
in the behaviour of the two species. In their concluding remarks 
they state that the connection between sleeping sickness and 
G. palpalis is not determined by the peculiar ‘ specificity’ of 
this fly for this species of trypanosome, but by the climatic characters 
of the lake and river areas where sleeping sickness is normally 
found in Africa, an environment especially favourable to the 
development of T. gambiense. 


EXPERIMENTAL 


We will now consider the experiments performed during the 
latter part of 1932 at Entebbe. 

The G. morsitans used in these experiments were derived from 
pupae sent to Entebbe through the kindness of Mr. C. F. R. 
Swynnerton and Dr. C. H. N. Jackson, of the Tsetse Reclamation 
Department, Tanganyika Territory. The pupae came by air, and 
reached Entebbe about 24 hours after their despatch from Dodoma. 

The experiments are divided arbitrarily into 3 series, corres- 
ponding to the different consignments of pupae received from 
Dr. Jackson. The data will be presented in 3 groups, one for each 
series of experiments. 

































































SERIES I 
G'. morsitans G. palpalis 
Infecting Species of I— — |-—_———$aA << 
animal trypanosome | Number Number Number Number 
dissected oe | dissected “ 
M. 989 T. brucet (1) | 31 , 48 fe) 
M. 974 T. gambiense* 27 6 42 fe) 
(Str. Brander) | | 
M. 983 T. brucei (2) | 41 5 42 3 
M. 981 T. brucei (3) | 70 4 100 2 
M. 996 Hornby vir. brucei | 125 4 145 I 
| _—— ; 
M. 985 T. brucei (1) | 135 5 153 4 
. | = —_ —_ 
Reedbuck , 7. rhodesiense (1) | 44 9 53 I 
M. 984 Hornby vir. brucez | 166 14 193 2 
M. 991 T. rbodesiense (2) | 37 4 53 | 2 
| ToTaL deat 676 58 829 15 
| i.e. 8°5% | ew | 18% 











* Indicates a strain no longer capable of infecting the salivary glands of G. palpalts. 
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SERIES II 





Infecting 
animal 


M. 074 


Sheep 51 


M. 943 


M.go1 


* Indicates a strain no longer capable of infecting the salivary glands of G. pa/palis. 


Infecting 
animal 


Sheep tt 
Sheep 27 
M.goy4 
MM. g23 
M.g54 


M.963 


M. 962 





—— ee 


G. morsitans 


Species of a - 
trypanosome Number 
dissected +- 
T. gambiense* 290 3 
(Str. Brander) 
T. brucei (1) 125 8 
T. brucet (3)* 174 e) 
T. brucet (1) 147 16 
Hornby vir. 245 19 
T. brucet 
Hornby vir. 142 7 
T. brucei 
Tora. wi 5,123 53 
, 270 
Bat +70 


Number 


G. palpalis 


Number 
dissected 


292 


C. 


ws 
. 





SERIES III 


G. morsitans 
Species of - - 
trypanosome Number 


dissected 





T. brucei (0) Log y 
Damba 2? S 
T.rhodestense | ei $7 lo 
H T. rbodesicuse | 3} 21 
| : 
T. rbodesiense (5) 41 4 
| 
| T. rbodesiense (2) 118 4 
| T. rhodesiense (1) 60 3 
‘TOTAL dee $39 38 
i , S05 


Number 


G. papalts 


Number 


dissected 


~ 
Ji 


Jt 
Jt 


Number 


Ji 


te 


Jt 


Number 


- 


te 
tN 


--7)0 
5 270 





126 


The totals for the three series of experiments are : 


G. morsitans. G. palpalis. 
2,238 flies dissected. 2,355 flies dissected. 
149 flies contained flagellates. 72 flies contained flagellates. 
1.e. 6-6 per cent. l.e. 3 per cent. 


The grand total for all the experiments discussed in this paper, 
including those of Kleine and Fischer, is therefore :— 


G. morsitans. G. palpalis. 
3,119 dissected. 3,236 dissected. 
203 positive. Q5 positive. 
l.e. 6°5 per cent. 1.e. 2°9 per cent. 


The figures in each of these series were now examined in time 


(x — m)? ; 
by the formula y? = } -— ~~ and the values so obtained for 
m 
x” in each of these series were as follows : 
Series [ = 36°950. 
Series IT = SNR, 
Series II] = Sez. 


Series K & F = 13-050. 

Reference to statistical tables demonstrates the real significance 
of the values of y? for Series I and III and for Kleine and Fischer's 
experiment. In Series II, the result is on the borderline of 
significance. 

The four series treated as a whole give a value of xy? of 45-28, 
testifying even more strongly to the significance of the results 
obtained. 

In considering these figures, it must be remembered that several 
of the strains of trypanosomes used were either non-transmissible 
or very feebly so. At the outset, one of the objects of the investiga- 
tions was to see whether a strain non-transmissible by G. palpalis 
would be transmissible by G. morsitans, and to settle this point it 
was desirable to employ strains of this nature. It is possible that, 
by employing readily transmissible strains throughout, the difference 
between the two species of tsetse would have been still more 


pronounced. 








127 


NOTE ON THE TEMPERATURE CONDITIONS UNDER WHICH 
TRANSMISSION EXPERIMENTS ARE CARRIED OUT AT ENTEBBE 


Full details of the daily wet and dry bulb records at the actual 
spot in the laboratory where the fly boxes are kept will be given 
in a later paper in this series. Readings are taken at 8 a.m., 
12.20 p.m. and 4 p.m. Dry bulb readings vary between 67° and 
93° F. The mean dry bulb monthly readings vary from a minimum 
of 70-3 for September and a maximum of 78-2 for February. The 
mean humidity was lowest in December (70-4 per cent.), and highest 
in March (81-6 per cent.). There is thus little variation through 
the year. It is rare for the temperature to rise above 80° F. at the 
flies’ resting place in the laboratory during the day. After closure 
of the laboratory for the night the temperature rises several degrees, 
94° I’. being the highest recorded temperature. 


DISCUSSION 


Examined by the formula that we have applied to the Entebbe 
figures, Kleine and Fischer’s results show for x? the value of 13-050, 
which testifies strongly to their genuine significance. 

With considerable hesitation I venture, therefore, to disagree 
with the inferences drawn by these experienced observers from the 
results of their experiments. Their results agree with my own, 
and all the 3 series of experiments described in this paper agree 
with one another in the tale they tell. 

The authors evidently believe that the difference between the 
figures for G. morsitans and G. palpalis in their experiments is due, 
partly to the higher mortality of G. palpalis, and partly to some 
unknown factor, climatic in nature, which placed 7. gambtense at 
a local disadvantage in this its normal vector. The reason for 
this conclusion is apparently that in their experience, in regions 
where the climate favours the development of 7. gambiense, from 
25 to 6 per cent. of the flies used in transmission experiments became 
infected. In the light of more recent work on the transmissibility 
of trypanosomes by tsetse, this generalisation cannot be allowed as 
evidence ; and actually the authors’ own data show that 2-6 per cent. 
of their G. palpalis were infected with trypanosomes. 
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The conclusion thus seems inevitable that, ceteris partbus, 
G. morsitans is a more efficient vector of the polymorphic trypan- 
osomes than is G. palpalis; or, more accurately expressed, the 
G. morsitans of Tanganyika Territory is a better vector than is 
the G. palpalis of Lake Victoria. 

There are one or two points about the experiments themselves 
that merit attention. 7. gambtense, strain Brander, which | brought 
out to Entebbe from Professor J. G. Thomson’s laboratory at the 
london School of Tropical Medicine and Hygiene at the end of 1931, 
has been very thoroughly tested with G. palpalis. Several thousand 
flies have been employed, and, although a number of heavy gut-only 
infections have been recorded, the strain has proved non-trans- 
missible, both at ordinary laboratory temperatures (67° to 93° F.) 
and in the hot room at go° to 92° F. This same strain was tested 
with G. morsitans and the results were practically identical. 
G. morsitans provided a slightly larger percentage of infected flies 
than G. palpalis, but no gland infections occurred. Thus the 
greater efficiency of G. morsitans did not enable it to overcome the 
inability of this strain to infect the glands, a disability which had 
been already satisfactorily demonstrated by experiments with 
G. palpalis, and similarly with Hornby’s virulent strain of 7. brucez, 
which Corson found readily transmissible at Tinde by G. morsitans and 
possibly by G. pallidipes (Corson, 1932). This latter strain has been 
kept up by syringe passage in various laboratory animals for some 
5 years, since its first isolation from an ox that had passed through 
and been infected in a fly-belt. Of several thousand laboratory- 
bred G. palpalis employed to test this strain at Entebbe, only one 
or two have shown a gland infection (the gland flagellates being 
on each occasion very scanty), although a number of others 
acquired heavy gut infections. With G. morsitans the percentage 
of gut-only infections was greater, but the few flies whose glands 
contained trypanosomes showed also very scanty infections of these 
organs. Here again the two species of flies behave similarly, 
except for the slightly increased susceptibility we have already 
noted in the game tsetse. It is hoped to carry the comparison 
still further, as the information to be acquired by parallel tests 1s 
of indisputable value in revealing the true réle of trypanosome and 
of tsetse in the processes we are studying in this series of papers. 
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The morsttans pupa-grounds in Tanganyika Territory can supply 
all the requirements of both Dr. Corson and the Institute at Entebbe, 
provided that the supply is rendered accessible and is distributed 
in a manner consistent with our respective requirements. It is 
highly desirable that in the near future the need for an economical 
distribution of this valuable material be recognised by the authorities, 
and that facilities be provided whereby Dr. Corson and ourselves may 
benefit more fully than has been possible hitherto. 

I am greatly indebted to Mr. Swynnerton and to Dr. Jackson 
for their kind co-operation in this matter during Dr. Corson’s 
absence on leave. With his return to Tinde and Dr. Jackson’s 
departure on leave, the situation requires reconsideration. 

One of the outstanding questions in trypanosomiasis research 
appears to me to be the careful comparative study of the transmitting 
power of different species of tsetse, using both readily transmissible 
strains and strains of trypanosomes known to be non-transmissible by 
one species of Glossina. For this purpose the Institute needs 
G. morsitans pupae, in exchange for which, we can, if necessary, 
supply pupae of G. palpalis. The superior qualities of G. morsitans 
as a transmitter of polymorphic trypanosomes makes it also desirable 
to employ this species, together with G. palpalis, in the investigation 
at present in progress at Entebbe into the role of antelope as a 
reservoir for 7. rhodesiense. The importance of these matters is, 
of course, relative. Sleeping sickness no longer exerts the appeal 
it did a few years ago, when conferences and commissions were the 
order of the day. But it must not be forgotten that for a number 
of years the British Government has maintained continuous research 
into the still unsolved problems presented by this disease, that 
money has been spent thereon, and that the investigations are 
gradually drawing near completion. In the interests of economy 
alone, it is worth while ensuring a successful issue, and the time is 
past when matters can be left entirely to the unaided initiative and 
effort of the investigator on the spot. 


CONCLUSIONS 


1. Evidence has been produced to show that G. morsitans is 
a more efficient vector of the trypanosomes of the polymorphic 
group than is G. palpalis. 
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2. Of a total of 3,119 G. morsitans, 203 (6:5 per cent.) were 
found on dissection to contain flagellates. Of a total of 3,236 
G. palpalis treated in exactly the same manner, 95 (2-9 per cent.) 
contained flagellates. Of these grand totals, 881 flies of each species 
belonged to the experiments of Kleine and Fischer. 

3. Although the carrying power of G. morsitans, as revealed 
by these experiments, appears to be almost twice as great as that 
of G. palpalis, even the former species, in the conditions of experiment 
prevailing at Entebbe, is but poorly adjusted to the requirements 
of the polymorphic group. 

4. A strain of T. gambiense, judged to be non-transmissible by 
G. palpalis as the result of testing with several thousand flies, when 
tested by G. morsitans proved also non-transmissible by this species. 
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ON A NEW NEMATODE, 
PARAPHARYNGODON MAPLESTONI 


GEN. NOV., SP. NOV., 
FROM A BURMESE LIZARD 


BY 


R. C. CHATTERJI 
(Helminthological Institute, University of Rangoon) 
(Received for publication 13 February, 1933) 


On two occasions, a large number of nematodes were found in the 
intestine of the common Burmese lizard, Calotes versicolar (Daudin, 
1802), the parasites obtained from the first being mature females 
only, whereas those from the second were both males and immature 
females. 

ADULTS. Small. Lips three, simple, without papillae. Cuticle 
with coarse transverse striations. Oesophagus straight, ending 
in a rounded bulb demarcated from rest of organ by a slight constric- 
tion, containing a valvular apparatus. Lateral alae present only in 
male. 

MALE. Length, 1-98 to 2-6 mm. ; maximum thickness, 0:22 mm. 
Lateral alae extend from behind oesophageal bulb to a little anterior 
to cloaca. Oesophagus, including posterior bulb, 0-45 to 0-54 mm. 
long. Diameter of bulb, 0-og to 0-11 mm. Nerve ring at approxi- 
mately 0-11 mm. from anterior end of worm. 

Caudal end curved ventrally, tail tapering gradually to a fine 
point. Cloacal aperture on a conical prominence, on anterior 
surface of which lies a pair of papillae. A second pair of pre-anal 
papillae on each side of body lying laterally and posteriorly to first 
pair. A pair of caudal papillae posterior to cloaca, just at the base of 
tail. Besides these, a single median papillae present just behind 
cloaca. Caudal alae, absent. Only one spicule present, approxi- 
mately 0-076 to 0-og mm. in length. Accessory piece absent. 

FEMALE. 3 to 5:2 mm. long; maximum thickness, 0-36 to 0:45 
mm. Oesophagus, including posterior bulb, 0-83 to 1-03 mm. long. 
Diameter of bulb, 0-15 to 0-198 mm. Nerve ring situated approxi- 
mately 0-13 to 0-152 mm. from anterior end of worm. Excretory 
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Fic. 4. Parapharyngodon maplestont 
gen.n., sp.n. 
Posterior end of female, lateral view. 
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Fic. 1. Parapharyngodon maplestoni gen. n.,sp.n. Vic 5. Parapharyngodon maplestont 
Anterior end of female, ventral view. gen.n.,sp.n. Egg. 


pore in full-grown females approximately I-35 mm. from anterior 
Tail, 0-31 to o-4 mm. long, tapering for short distance behind 
Vulva, with slightly projecting lips, near middle of body, 
but position variable, as in some specimens it may lie either a 
little anterior or a little posterior, the changes being probably due to 
varying degree of contraction and expansion during fixation. 
Vagina stout, muscular, running posteriorly, approximately 0-34 mm. 


end. 
anus. 
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long ; uteri convergent, passing into oviducts and ovaries. Coils of 
ovarian tubes anterior to oesophageal bulb. Eggs oval, 0-042 to 
0:05 mm. by 0:08 to 0-0gr mm, 
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Fic.2. Parapharyngodon maplestoni Fic. 3. Parapharyngodon maplestoni 

gen.n., sp.n. gen.n., sp.n. 
Posterior end of male, lateral view. Posterior end of male, ventral view. 


This form appears to be closely related to the genus Pharyngodon 
Diesing, 1861, the chief differences being found in the absence of 
caudal alae in the male, in the forward position of the second pair of 
caudal papillae, the presence of an additional median unpaired 
papilla and a chitinised spicule, and the arrangement of the genital 
tubes in the female. Most of these characters being of generic 
importance, it is proposed to create for this form a new genus, for 
which the name Parapharyngodon is proposed, with Parapharyngodon 
: maplestoni as the type, with the following diagnosis. Oxyurinae : 
: mouth with three simple lips; cuticle with lateral flanges only in 
male; buccal capsule absent ; oesophagus with posterior globular 
bulb containing a valvular apparatus ; extremity of body truncate. 
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Male: caudal alae absent ; caudal papillae consisting of two pairs : 
pre-anal, one pair post-anal, and a median unpaired post-anal one ; : 
spicule single. Female: anus near end of body, a little anterior to i 
commencement of the tapering tail ; vulva near middle of body, with ; 


slightly projecting lips ; eggs oval and elongate. 

Type species: P. maplestont gen.n., sp.n. 

Host : Calotes versicolar. 

Locality : Rangoon. 

Type specimens have been deposited in the Helminthological 
Institute, Rangoon University. 


Table of dimensions. 


a 





Parapharyngodon maplestoni gen. n., sp. n. 


Male Female 

mm. mm. 
Length — Ges wee ais ve _ ya ae 1°98 to 2°6 3 to 5°2 
Diameter, maximum ve on sn or ac wh o°22 0°36 to or45 
Ocsophagus length, including bulb = - it a Or45 to O54 0°83 to 1°03 
Ocsophageal bulb, diameter ‘ie _ ni vt bs or0g to Orr! ors to or198 
Nerve ring from anterior end of body ... ive ioe m oll 0°13 to Or152 

. 
Excretory pore from anterior end of body pe ee ‘o ‘a 1°35 
Spicule, length —... “ ica sion -_ iis ...| 0°076 to Or09 
Approximate proportions into which vulva divides body length om ose 
Length of vagina ... sas oh - ae - m vil 0°34 2 
Anus to tip of tail a wes is side ies ns eu 0*3 to 0°74 t 
Eggs... soy “ae a si ae a as win ee Or042 to 0°05 xX 
0°08 to o0gI 








In conclusion, the author wishes to express his sincere thanks to 
Dr. P. A. Maplestone for the valuable help and advice rendered in the 
course of preparation of the present work. 
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INTRODUCTION 


In an earlier paper (1932), I recorded the results of a comparative 
study of the male terminalia of practically all the species of the 
genus Musca known to me, and arrived at the following main 
conclusions :— 

1. The species fall into three natural groups, the domestica 
containing the simplest forms, the /usoria the most advanced, while 
the species of the sorbens group occupy an intermediate position. 

2. In each group there is one certain blood-sucking species, 
planiceps in the domestica, crassirostris in the sorbens and inferior in 
the Jusoria group. The species planiceps, though possessing the most 
advanced larviparous habit, belongs to the simplest group. The 
remaining species exhibiting various phases in the evolution of the 
blood-drawing proboscis fall into the sorbens and lusoria groups. In 
other words, the blood-drawing proboscis has evolved independently 
at least once in each group, and in the two advanced ones more than 
once. 
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As this comparative study has not only resulted in the elucidation 
of the affinities and relationships of the species, but has also very 
materially helped in separating with certainty closely allied forms, I 
have decided to make a more extensive comparative study of these 
structures in other genera of the higher Diptera, in the hope of 
discovering their relationships to each other, re-defining the genera 
and establishing the identity of the various species. In the present 
paper I propose re-defining the generic characters in Musca, and 
emphasising the significance of the terminalic characters as a guide 
to the interpretation of those of allied genera. It is necessary, also, 
to take this opportunity of drawing attention to the structure of the 
proboscis in the blood-sucking species, for it still is very imperfectly 
understood, and to show how its structure confirms the terminalic 
findings. 

But, before doing so, I would like to take this opportunity of 
sounding a note of warning, on the danger of drawing conclusions as 
to the identity and relationships of species and genera from incomplete 
studies of the male terminalia in the higher Diptera in general. 

I believe erroneous conclusions may be arrived at for the following 
reasons :— 

1. Imperfect understanding of the anatomy of the parts, and, 
following this, the failure to appreciate the true significance of the 
characters of the male terminalia in working out the identity and 
relationships of species, especially in closely allied forms. 

2. Incomplete study of the parts. In some cases, only the 
characters of the anal cerci have been studied and used, in others 
only those of the phallosome, the characters of the ninth coxite and 
paramere being overlooked. It is most important that all these 
structures be studied together before any conclusions are drawn. 

3. Study of the parts after drawing back the anal cerci, and 
exposing them and the phallosome for profile views, and illustrating 
these while still attached to the abdomen. It is quite true that many 
species, especially those of the Calliphorinae and Sarcophaginae, can 
be readily identified by exposing the anal cerci and the adjacent 
distal segments of the ninth coxite, which afford striking structural 
differences, so that anyone can use these characters for this specific 
purpose without further dissection and mutilation of the specimen. 
I have, however, extensive proof that it is in such preparations 
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impossible to study the structure and true relationships of the parts, 
especially those of the ninth tergo-sternum, the segments of the 
ninth coxite, the paramere and the phallosome, in order to arrive at 
the true affinity of the species. To demonstrate this, it is only 
necessary to compare the illustrations in Schnabl and Dziedzicki’s 
(1911) work on the Anthomyidae, with illustrations of the parts 
treated with caustic potash dissected off and mounted without 
compression on a slide; their drawings are nothing more than 
caricatures of the originals. 

4. The mounting of the parts flat on slides after treatment with 
caustic potash and dissection. The interpretation of the relationships 
of the parts in such mounts may be quite misleading, especially if 
illustrations of them are executed by artists who do not understand 
the anatomy of the male terminalia. 

I maintain that the study of the male terminalia of the higher 
Diptera, as a guide to the relationships of species and genera and the 
separation of closely allied forms, can only be successfully carried out 
so as to afford reliable conclusions when the parts are dissected off, 
softened and relaxed in caustic potash, and cleared in clove oil or 
some other medium. The anatomy and relationships should then be 
studied in the oil in a suitable receptacle with the aid of dissecting 
needles, a binocular microscope and a good light. The parts should 
then, after dissection, be mounted separately on slides, without 
compression and always in one direction. Drawings of the parts 
should then be made with the same objective and eye-piece and 
with the aid of a camera lucida. The value of such studies is 
enhanced when the drawings are executed by the worker himself. 
Further, it is important to study the terminalia of large numbers of 
specimens of as many species as possible, and to compare them 
with those of allied genera. One is then in a position to appreciate 
the value of the characters of use in tracing out relationships and 
drawing sound conclusions. 

This has been done in the studies of the male terminalia in Musca 
and many allied genera, and no conclusions have been drawn until 
illustrations of the parts of large numbers of species have been 
studied along with the preparations. 
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Tribe MUSCINI 
Subfamily MuscInakE 


The subfamily Muscinae, as understood here, falls into two tribes, 
the Muscini and Anthomyini, the former representing the primitive 
stem and containing all the blood-sucking higher Diptera in three 
genera, Musca, Stomoxys and Glossina. Vhese two somewhat 
natural divisions were recognised by Schnabl and Dziedzicki (1grr), 
though much confusion is introduced into their work by the use of 
subfamily, group and form names, and unfortunately they began 
their study with some of the higher forms of the Anthomyini. Many 
genera now included in the Anthomyinae, or Anthomyidae, of authors 
belong to the tribe Muscini. It is not possible, as yet, to determine 
the exact limits of these two tribes, if such exists, until the male 
terminalia of many more species of Anthomyine genera have been 
studied from the comparative standpoint. In the tribe Muscini, 
the anal cerci are for the most part broad, and either triangular or 
quadrilateral in shape (wing-like), the two ends of the free margin 
varying in shape according to the species and genera. The basal 
segment of the ninth coxite is in the form of a lateral clasper, and the 
distal segment is small and not pincer-like in shape. There is one 
marked exception in this tribe, the species of the genus Glossina, in 
which the ninth coxite is almost entirely wanting, and the anal cerci 
in one group (fusca), at least, are completely separated and are 
claw-like. I will discuss the significance of these terminalic characters 
when dealing with Glossina in another paper. 


GENUS MUSCA Linnaeus (emended Patton, 1933) 


Generic Cuaracters. Larva. ‘Third stage larva with left oral hook smaller 
than right. Posterior spiracular plates somewhat D-shaped, with the usual three 
sinuous slits, the plate varying in size, shape and density according to the species ; 
it is most dense and the slits are very narrow and long in most of the species of the 
lusoria group known at present. Third segment of antenna with a large grape-like 
sensorium, opening by a duct into the socket. Arista with simple spinulae almost 
to the tip on both sides, those on the upper side being more numerous and extending 
more towards the base. Proboscis retractile and completely concealed on ventral 
surface of head capsule when at rest. Sternopleural bristles three in number and 
arranged 1 : 2 (may be wanting). Vein M,,, bends forwards elbow-fashion and ends 
close to vein R,,; (and may even join it), Mare Termrnatia. Anat Cerci. Broad, 
triangular or quadrilateral i in shape, united loosely along 1 inner margins by a slip of 
chitin, and can be easily separated. Free margin varying in shape, the two ends 
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tending to form nipple-like processes in the more advanced groups. Nintu Coxire. 
Proximal segment shaped like the human hand, minus fingers and thumb, directed 
towards the middle line and functioning as a lateral clasper of the ovipositor. Distal 
segment concealed, a small elongated hairy plate lying in the membrane at the outer 
margin of each anal cercus. NintuH ‘Terco-Srernum. With rounded or square 
dorsal margin. Puattosome. Uniform in structure throughout the genus, tubular 
in shape, partly chitinous and partly membraneous without any chitinous adornment 
(gadgets). PosTertor Process or PHaLiosome. A well-developed process, present 
in all species, with concave face towards phallosome, either simple, or expanded 
distally, or forming a large, hood-like, commonly Y-forked expansion. ApopEME 
oF PHattosome. A curved narrow plate. Pump Scierire or Fyacutarory Ducr. 
Large and shaped somewhat like a lacrosse bat. PARAMERE. Structure varying 
according to the groups. In the domestica group, a simple plate consisting of two 
parts, the anterior longer, bearing several bristles, one usually very long; the 
posterior part a slightly raised, button-like plate with four, sometimes six, clear areas ; 
in sorbens group the posterior part is raised to form a narrow, or wider, sugar-loaf 
process ; in the /usoria group the posterior part is a long, raised, bent process. “The 
two parts of the paramere are completely united to each other. Firrn STERNUM. 
A large somewhat triangular plate with lateral ends produced to form long or short 
processes expanded distally and nearly always serrated. 

NOTES ON THE GENERIC CHARACTERS. The small size of the left 
oral hook of the third stage larva is not strictly a generic character, 
as it is also small in the third stage larva of the species of the genus 
Stomoxys (sens. lat.). The basal, grape-like sensorium in_ the 
third antennal segment is, however, a most important generic 
character, for I have not found it in the antenna of the species of 
any other genus yet examined. The retractile proboscis is common 
to all the species and with other characters is important. Some 
notes on its structure and evolution in the blood-sucking forms is 
given further on. The wing-like shape of the anal cerci and their 
loose attachment to each other are important characters. The 
structure of the ninth coxite is also an important generic character. 
The structure of the phallosome, posterior process and the paramere 
afford a reliable guide not only to the species of the groups but also 
to the genus. The reader should consult my earlier paper (1932) 
for illustrations of the terminalia. 

SIGNIFICANCE OF THE MALE TERMINALIA IN Musca. The male 
terminalia in Musca are an important starting point in the study 
of these parts in the other genera of the Muscini, for they undoubtedly 
represent a comparatively primitive type. The simple phallosome 
without any adornment, the simple paramere (especially in the 
domestica group), the functional, clasper-like proximal segment of 


the ninth coxite, the reduced distal segment, and the loosely joined, 
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wing-like anal cerci are all structures which suggest an ancient type 
which has long become fixed. The fact that there are very few 
structural differences in these parts in the species further supports 
this view. In the higher genera of the tribe, the two parts of the 
paramere become separated and the phallosome develops various 
kinds of chitinous adornment ; commonly the posterior process is 
wanting. These changes will be described in subsequent papers. 
Further, in the Anthomyini and the Calliphorinae, the distal 
segment of the ninth coxite becomes enlarged and modified in 
various ways, and in the latter, in particular, it comes to be closely 
associated with the anal cerci. Without the knowledge of the 
male terminalia in Musca and allied genera, it would be quite 
impossible to understand the corresponding structures in the 
Calliphorinae, Sarcophaginae, etc. 

Proposcis. As the structure of the proboscis, especially in the 
blood-sucking forms, is very imperfectly understood, it is necessary 
to refer briefly to it here, and to explain, with the aid of drawings, 
the probable line of its evolution. Another opportunity will be 
taken to deal more fully with this subject. 

The genus Philaematomyia Austen was erected on the supposedly 
distinct proboscis of crasstrostvis from that of the genotype domestica. 
Malloch (1932) has recently resurrected this genus, and in doing 
so states that ‘there are some species of Muscinae that have the 
proboscis with the apical section heavily chitinized and apparently 
fitted for piercing, or at least with some apical hooks attached to 
the rigid apical section which are adapted for abraiding the epidermis 
of mammals to the extent that blood may be produced from the 
wounds.’ And, under the species crassirostris, he says: ‘It is 
commonly found on cattle feeding on sores.’ It is very necessary 
to correct these inaccurate statements, which are based on 
a misinterpretation of the structure of the proboscis, and especially 
that of the blood-drawing form, in Musca. This is the more necessary 
when it will be seen from the illustrations accompanying this paper 
that crassirostris is not the only species whose proboscis exhibits 
these changes. If this species is placed in the genus, then the 
six other species showing similar changes should also be placed in it. 
The structure of the proboscis of crassivostrvis, and the mechanism 
by which it draws blood, has been fully described by Cragg (1912) ; 
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his paper should be consulted for details. Here it is only necessary 
to point out that the apical section is not heavily chitinized but 
consists of the soft labella, which are quite well developed in all 
the blood-sucking forms, and cannot possibly pierce the skin, the 
only structures which first tear and then pierce the epidermis 
being the ends of the prestomal teeth. Further, there is no rigid 
apical section, the prestomal teeth (hooks of Malloch) being attached 
to the prestomal sclerite, which is freely movable. 7. crasstrostris 
does not feed on sores but on blood from a wound made in the 
skin. Malloch has evidently confused the feeding habits of 
crasstvostris with those of such species as M. bezzi1, M. autumnalis, 
M. lusoria, etc. 
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Fic. 1. a.—Proboscis of M. domestica, dissected off and mounted without compression on a slide. 
fr.—furca showing joint with mentum; fu.—fulcrum ; 4p.—hypopharynx ; /a.g.—labial gutter ; 
1b.ep.—labrum-epipharynx ; mt.—mentum ; mx .p.—ist maxillary palps ; pdt.ch.—pseudotracheal 
channels; ph.—pharynx; psm.sc.—prestomal sclerite; tm.—torma ; x.—position of prestomal 
teeth ; y.—position of labial keel ; z.—position of ridge of mentum. b.—Proboscis of M. planiceps 
mounted in same way for comparison (same scale). 
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EVOLUTION OF THE BLOOD-DRAWING PRoBoscis IN Musca. 
At the present time there are seven species known to me which 
exhibit various phases in the evolution of the blood-drawing 
proboscis. On their terminalic characters they are grouped as 
follows :— 

Group | (domestica). Musca planiceps. A voracious blood-sucker with an 
advanced larviparous habit. Widely distributed in the Oriental region. 

Group II (sorbens). 1. Musca conducens. Can scratch off a scab but is unable 
to draw blood from the intact skin. Oviparous. Widely distributed in the 
Ethiopian, Oriental and Australasian regions. 2. Musca crassirostris. A voracious 
blood-sucker. Oviparous. Widely distributed in the Palaearctic, Ethiopian 
and Oriental regions. 

Group III (dusorta). 1. Musca mesopotamiensis. Can scratch off a scab but is 
unable to draw blood from the intact skin. Oviparous. Palaearctic region. 
2. Musca fletcheri. Probably a blood-sucker. Early stages unknown. India, 
Assam, and probably widely distributed in the Middle East. 3. Musca sentor- 
whiter. Probably a blood-sucker. Early stages unknown. [ast side of India 
and Middle East. 4. Musca inferior. A voracious blood-sucker. Early stages 
unknown. Widely distributed in Oriental region. 





Fic. 2. a.—Labella of M. planiceps flattened to show pseudotracheal membrane, prestomal 
sclerite (split), teeth, etc. ;_b.—prestomal sclerite of M. planiceps in side view showing teeth, etc., of 
one half ; c.—prestomal sclerite of M. domestica in side view for comparison (same scale). 
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Musca planiceps. As this species is closely related to domestica 
and allies, we would expect that the structure of its blood-drawing 
apparatus confirms this relationship, and this proves to be the case. 
The proboscis of domestica and that of planiceps are illustrated 
in fig. 1. The important structures are labelled in the drawing 
of the former so that the corresponding structures may be recognised 
in the other illustrations. Except for the changes noted, the two 
are structurally alike. The mentum of flaniceps is longer and 
deeper, and has a well-developed ridge on its proximal end _ for 
muscle attachment; this is wanting in domestica. The labial 
gutter shows a well-developed, long keel occupying more than 
half of the posterior surface, also for muscle attachment ; this is 
also wanting in domestica. The prestomal sclerite in domestica 
(fig. 2, c) is long and narrow, especially the dorsal free arms, and the 
axial apophysis projects downwards. The tive teeth are slender rods 
serrated at their ends, and are attached directly on to the prestomal 
sclerite, there being no tooth plate. The interdental armature 
consists only of narrow rods, which have developed from the proximal 
rings of the pseudotracheae between the teeth. The prestomal 
sclerite in planiceps (fig. 2, 6) is relatively shorter and wider, especially 
the dorsal free arms, and the part bearing the tooth plate is arched. 
The tooth plate is strongly developed and extends beyond the 
axial apophysis, which is slightly elongated, bluntly pointed, and 
projects upwards and forwards. The nine strong teeth (and often 
a small tenth) are stout blades, bluntly pointed and markedly 
serrated at their ends, which project freely from the pseudotracheal 
membrane. The labella are large, and there is only a slight reduction 
in the number of the pseudotracheae, there being about 25 to 26 in 
planiceps, Whereas there are usually 28 to 32 in domestica (fig. 2, a). 

The mechanism by which blood is drawn has been studied in 
specimens showing the teeth in action, by dissecting off the proboscis 
and clearing it in caustic potash. When the proboscis is applied 
to the skin, the labella being separated, the V-shaped prestomal 
sclerite is rotated in an antero-posterior direction on the pivot 
formed by its articulation with the rods of the labial gutter, and the 
large surfaces of the internal walls of the labella come to lie at 
right-angles to the labial gutter. The broad, dorsal, free arms of 
the prestomal sclerite diverge from each other, but are only slightly 
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drawn back. The axial apophysis lies opposite the sixth or seventh 
tooth (counting from above), and, owing to the width of the dental 
plate, does not project beyond the ends of the teeth, and, therefore, 
takes no part in fixing the prestomal sclerite. The labella are 
now drawn back, the teeth project from the pseudotracheal membrane, 





KiG. 3. @.—Proboscis of M. conducens ; 6.—same of M. crassirostris, with labella not quite in 
resting position (same scale). 
and as the eversion continues they are drawn across the skin. Their 
free serrated ends, on these movements being rapidly repeated, 
tear through the skin and draw blood. The blood-drawing apparatus F 
of planiceps then exhibits a simple advance on that of domestica. : 
Four additional teeth have developed, and each tooth is a blunt, 
serrated, stout blade, unlike the rose-thorn teeth of cvasstrostts. 

















145 


The mentum, labial gutter and prestomal sclerite only exhibit 
slight changes for the functioning of the 18 comb-like teeth. The 
mechanism of the proboscis, in the act of drawing blood, is exactly 
similar to that of the proboscis of domestica when it scrapes the 
skin with its delicate teeth. 





Fic. 4. a.—Prestomal sclerite of M. crassirostris, split and spread out to show inner surfaces of 
two halves ; b.—prestomal sclerite of M. crassirostris in side view, showing teeth, etc., of one halt ; 
c.—prestomal sclerite of M. conducens in side view, drawn to same scale as b; d.—prestomal sclerite 
of same in side view, enlarged to show prestomal sclerite, teeth, axial apophysis, etc. ; e.—two median 
teeth, serrated blades, and one pseudotracheal channel of M. crassirostris enlarged. 


Musca conducens and M. crasssirostris. These two species are 
closely related, and we would expect that the blood-drawing 
apparatus shows evidences of this relationship, which a study of it 


confirms. The proboscis of each is illustrated in fig. 3. A comparison 
of these shows that, although there is a wide gap between the two, 
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that of conducens represents an early phase towards the more 
completely developed tearing apparatus of cvrassirosiris. The 
mentum of conducens is well developed, and has a small ridge on its 
posterior part for muscle attachment ; the mentum of crassirosiris 
is bulbous, heavily chitinised, and has a strong projecting ridge. 
The labial keel is developed in conducens, but is short and small 
(compare with that of planiceps, fig. 1, 6), whereas in crassirostris it 
is a short, deep plate projecting into the hollow mentum. The 
prestomal sclerite in conducens (fig. 4, c, d) is short, the part carrying 
the dental plate and teeth is well arched, and the axial apophysis is 
relatively long, pointed, and directed forwards beyond the plate. 
There are five long, bluntly-pointed teeth, shaped like rose-thorns 
when seen in side view; the interdental armature consists of 
elongated rods on each side of the pseudotracheae, which have 
developed from the basal pseudotracheal rings; it is important to 
note that they are branched at their distal ends. Each half of the 
prestomal sclerite of crassirostris (fig. 4, a, b) is a strong, straight rod, 
the distal part elongated, the end arched and bearing the dental 
plate and teeth. The axial apophysis is strongly developed and 
is in the shape of a strong median tooth. The five teeth (one is 
usually small) are shaped like rose-thorns, and are firmly embedded 
on the dental plate close to each other (fig. 4, a, 6). The median 
pair (fig. 4, e) are strongly developed, their apices bluntly pointed 
and serrated, and are inserted higher up than the two outer ones, 
owing to the arching of the tooth plate. Between the teeth, and 
extending distal to them, are the serrated blades (fig. 4, e), which 
are attached to a long rod inserted on the dental plate. Towards 
the end of the teeth the rod divides, and each part carries five or 
six blades consisting of deeply serrated slips of chitin arising at 
different levels and superimposed, so that in all there are five sets 
of blades, each bearing five or six serrated leaflets. These sets of 
blades diverge from each other in front of the teeth and bend 
upwards, superficial to the five pseudotracheae, which are much 
reduced in calibre. At the point of bifurcation of the rod there is 
a pair of leaf-like blades (fig. 4, e). From a comparison of the 
interdental armature of these two flies, it is suggested that the 
branched rods in conducens represent an early stage in the 
development of the serrated blades in crassirostris, for there can be 
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little doubt from their position and relation to the pseudotracheae 
that they both have a common origin, namely, the proximal rings 
of the pseudotracheae. The axial apophysis in conducens shows 
evidences of developing into a pointed tooth-like structure, as in 
crasstrostris. 





Fic. 5. a.—Proboscis of M. inferior with prestomal sclerite in position when drawing blood ; 
note everted teeth, and central axial apophysis with point extending beyond teeth; 6.—same of 
M. crassirostris, also with prestomal sclerite in same position ; note prestomal teeth and position of 
axial apophysis ; both drawn to same scale. 


A study of the feeding habits of conducens leaves no doubt that 
it can only scratch off a scab and enlarge an already existing wound. 
The mechanism by which this is brought about is as follows :— 
When the proboscis is extended and applied to the skin, the Y- or 
U-shaped prestomal sclerite is drawn backwards, and the dorsal 
diverging arms form about half a right-angle with the labial gutter. 
The axial apophysis now projects forwards, the point extending 
well in front of the teeth, exactly as does the axial apophysis of 
crasstrostris (fig. 5, 6) ; it penetrates the skin and fixes the prestomal 
sclerite. The pseudotracheal membrane is now drawn back and 
the teeth are everted, and their free ends are seen directed outwards, 
forming a ring of claw-like points around the prestomum. These 
movements being rapidly repeated, the teeth are strong enough 
to scratch off a scab or enlarge an already existing wound. 
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The mechanism by which crassivostris can tear through the 
intact skin and draw blood is very similar. Owing to the structure 
of the prestomal sclerite, it is drawn right back into line with the 
labial gutter, and is now fixed by the axial apophysis (fig. 5, 9) ; 
the labella, and with them the pseudotracheal membrane, are now 





Fic. 6. Proboscis of M. mesopotamiensis ; note the small ridge on mentum and keel. 


drawn back, and the serrated blades and teeth are everted and swept 
across the skin, which is rapidly torn, and blood is drawn. The 
length of the prestomal sclerite, its rod-like shape, and the fact 
that it can be drawn right back in line with the labial gutter gives 
a long range of excursion for the powerful teeth. The blood-drawing 
apparatus in action in cvassirosirts is illustrated in fig. 5,0. Although 
there is a wide gap between the proboscis of conducens and that of 
crasstrostris, both exhibit a common line of development. And 
these findings, therefore, confirm the conclusion reached, as a 
result of the study of the male terminalia, that they are closely 
related. 

The genus Pristirhynchomyia was erected by Brunetti (1910) for 
conducens (lineata), also on the supposedly distinct nature of its 
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proboscis from that of crassirostris. Unfortunately, Brunetti 
misinterpreted the structure of the proboscis, actually reversing it. 
This error was corrected by Patton and Cragg (1912). 





Fic. 7. a.—Prestomal sclerite of M. fletcheri, split and spread out to show inner surfaces of two 
halves ; b.—median teeth of M. fletcheri, and commencing formation of interdental armature from 
. ’ . ’ . 8 . . . . . . 
proximal rings of pseudotrachea ; c.—prestomal sclerite of M. mesopotamtensis in side view, showing 
teeth, etc., of one half ; d—prestomal sclerite of same, split and spread out to show inner surfaces of 
) ) } P » 8p Pp 
two halves (drawn to same scale as a); e.—prestomal sclerite of M. fletchert in side view, to show tecth, 
etc., of one half (drawn to same scale as c). 


Musca mesopotamiensis, M. fletcher, M. senior-whitet and 
M. inferior. On the characters of their male terminalia these four 
species are related to each other. JZ. mesopotamiensis exhibits an 
early phase in the evolution of the scratching proboscis in this 
series. Its proboscis is illustrated in fig. 6. The mentum is well 
developed and has a small posterior ridge for muscle attachment ; 
the labial keel is small and short, and only projects a little. The 
prestomal sclerite has long, stout, pointed dorsal arms, the remaining 
part is short, and the axial apophysis small and rounded apically. 
There are four teeth, three of which are strongly developed. The 
interdental armature consists of long, unbranched, bluntly-pointed, 
narrow rods, developed from the basal rings of the pseudotracheae, 
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of which there are five opening into the prestomum. Although this 
species has quite strongly developed teeth, it is unable to do more 
than scratch off a scab and perhaps enlarge a wound ; the prestomal 
sclerite is illustrated in fig. 7,c, d. Its scratching armature is in much 
the same stage of development as is that of conducens in Group II. 
Its mechanism is much the same as in that species. 





Fic. 8. Proboscis of M. fletchert. 


The proboscis of MM. fletchert is illustrated in fig. 8. The mentum 
is long and deep and strongly chitinised, and the posterior ridge is 
well developed ; the keel is short and projects slightly into the 
mentum. The prestomal sclerite (fig. 7, a, e) is short, and is very 
similar to that of mesopotamiensts ; the dorsal arms are short and 
bluntly pointed. The remaining portion is short and deeply arched, 
bearing the wide, dental plate, and a large tooth-like axial apophysis 
which projects beyond the plate. There are five strongly serrated 
teeth, one usually smaller than the others. The interdental armature 
is poorly developed, the basal rings forming short rods. A comparison 
of its proboscis with that of mesopotamiensis and inferior suggests 
that it occupies an intermediate stage, the structure of the prestomal 
sclerite and teeth suggesting a close relationship to these species. 
Until recently I have only had the opportunity of studying the type 
material, consisting of a single male and female. Mr. Colbran J. 
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Wainwright recently gave me for study a large collection of no less 
than eight species of Musca, most of which were collected at Silchar, 
Cachar, Assam, among which I found four specimens of M. fletcheri. 
I have, therefore, been able to study this interesting species in more 
detail. 

Musca sentor-whitet. This species, as noted in my earlier 
paper (1932), might be placed either at the end of Group II or at 
the head of Group III. The posterior part of the paramere is not 
developed into a long bent process; the posterior process of the 
phallosome is, however, broadly expanded and slightly forked. 
Unfortunately, I have only been able to examine the terminalia 








Fic. 9. Proboscis of M. senior-whitei with prestomal sclerite in position when drawing blood ; 
note everted teeth and blades. 


of one male, as most of the type material consists of females. The 
proboscis (fig. 9) also exhibits an interesting stage in the evolution 
of the blood-drawing apparatus. The mentum is strongly chitinised, 
and has a well-developed posterior ridge; the keel is quite well 
developed and is rather long. The dorsal arms of the prestomal 
sclerite (fig. 10, d, e) are long and pointed, the remaining portion 
being very short, and the axial apophysis is not developed into 
a process, but is seen as a rounded dark area in the middle line ; 
there is no dental plate, the part to which the teeth are attached 
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being convex distally. There are five long, narrow teeth closely 
attached to the distal edge of the prestomal sclerite, each by two 
processes ; in the position of action (fig. 9) they project freely 
from the membrane and are then seen as narrow blades surrounding 
the prestomum. The interdental armature consists of a pair of 
blade-like processes between each tooth, connected to a long rod 
attached between the teeth; they are longer than the teeth. 
(figs. 9, 10, d,e). This scratching apparatus is seen in action in fig. 9. 
It will be noted that the long, dorsal arms of the prestomal sclerite 
are drawn back, almost in a line with the labial gutter, forming 
a very acute angle with it (cf. fig. g with fig. 5, a, 6); when the 
pseudotracheal membrane is drawn back, the teeth and blades are 
erected and everted through a wide arc; they scratch and tear the 
skin, and eventually draw blood. Although I have not seen this 
fly feeding, I have no doubt, from the structure of its proboscis, 
that it is a blood-sucker. I hope that some observer in India 
who has an opportunity of studying its habits in the field will 
settle this point; the type material was collected from cattle at 
Bezwada. The proboscis of M. sentor-whiter exhibits a curious 
stage of development in the evolution of the blood-drawing apparatus. 
The free arms of the prestomal sclerite are long, the remaining 
part short, the axial apophysis undeveloped, and the teeth attached 
directly to the convex margin of the sclerite. But the general 
shape of the sclerite, the structure of the teeth and that of the 
interdental armature, in particular, suggest affinities with the 
other species of this group, rather than with conducens and 
crassirostris. 

Musca inferior. The proboscis of this species is illustrated 
in fig. 11. The mentum is longer, as strongly chitinised, but not 
so deep (bulbous) as is that of crassivostris. It has a strong ridge 
at the posterior end for muscle attachment. The keel on the labial 
gutter is deep and projects into the mentum. The prestomal 
sclerite (fig. 10, a, b) is relatively short and wide, the dorsal free arms 
wide and bluntly pointed, while the end is strongly arched and 
carries the teeth and interdental armature. The axial apophysis 
is a long, stout, pointed process which projects well in front of the 
teeth in the position of action (fig. 5, a). There are usually five 
teeth, attached in a semi-circle to the dental plate, and one is usually 
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smaller than the others (fig. 10, a) ; there is sometimes also a smaller 
sixth (fig. 10, 6). The teeth are heavily chitinised blades, their 
apices pointed and strongly serrated (fig. 10, c). The interdental 
armature consists of two to three—mostly three—strong, knife-like 
or leaf-like blades arising from a common stalk between the teeth ; 
they are always associated with a pseudotrachea, which is much 
reduced in calibre and does not pass down between the teeth. 
These blades project beyond the teeth. On comparing the prestomal 





Fic. 10. a.—Prestomal sclerite of M. inferior, split and spread out to show inner surfaces of two 


epemiigie nas 





halves ; note end of labial gutter, rods, axial apophysis, teeth and blades of interdental armature ; 
b.—prestomal sclerite of same in side view to show teeth, etc., of one half ; c.—median teeth, three 
blades and one pseudotrachea of same enlarged ; d.—prestomal sclerite of M. senior-whitei in side view 
to show teeth, etc., of one half (drawn to same scale as 5) ; e.—prestomal sclerite of M. sentor-whitet, 
split and spread out to show inner surfaces of two halves ; note absence of dental plate and small 


size of axial apophysis. 
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sclerite of M. fletcheri and M. inferior, it will be noted that they 
closely resemble each other, both possessing a strongly developed, 
tooth-like axial apophysis ; yet in 7mferior the interdental armature 
is well developed, whereas in fletchert it is not. In M. semior-whiter, 
the interdental armature is strongly developed, consisting of very 
similar, though longer, blades than those of inferior. The rod-like 
structures of the interdental armature of MM. mesopotamtensis 
suggest an early stage in the development of these blades. It is 
important to note that there is no indication of the formation of the 
serrated blades, so characteristic of the interdental armature of 
crassirostvis and their early development in conducens, in any of 
these four species. 





Fic. 11. Proboscis of M. inferior; note the large mentum, deep strong keel and labella folded back 
in position of rest. 


The mechanism of the proboscis of M. inferior (fig. 5, @) when 
drawing blood is much the same as in M. crassirostris (fig. 5, 0). 
The dorsal arms of the prestomal sclerite are drawn back, so that 
they come to lie almost in a line with the labial gutter. The 
pseudotracheal membrane is then retracted, the blades and teeth are 
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everted and drawn across the skin, which is rapidly torn, and blood 
is drawn ; the axial apophysis projects forwards, its point fixing the 
prestomal sclerite. 

In my next paper in this series, | hope to examine the status 
of the many genera erected in Stomoxys (sens. lat.), and to revise the 
species with the aid of the characters of the male terminalia which 
have proved to be of such value in Musca. Further, there is at the 
present time no satisfactory guide to the species of this important 
group of the blood-sucking Muscini. 

I have also in preparation a revision of the genera of the subfamily 
Calliphorinae, based on a comparative study of the male terminalia. 
This will be followed by a revision of the species of the genera, 
especially Lucilia, Calliphora and Chrysomyia, many of the early 
stages of which have been collected. 

I would like to take this opportunity of thanking Dr. R. Green 
and Mr. E. P. Hodgkin for large collections of Stomoxys, Musca, etc., 
from Kuala Lumpur; Mr. G. B. Purvis, F.R.C.V.S., for collections 
from Alor Star, Malaya; Mr. M. O. T. Iyengar, for species of 
Stomoxys and Musca from Travancore; Mr. A. Cuthbertson, 
Mr. Munro, Dr. L. de Wulf, Mr. Symes, Mr. Hopkins, Mr. Hancock 
and Mr. Gibbins, for collections from various parts of Africa. I would 
again appeal to Medical Officers, entomologists and others for 
specimens of some of the rarer species of Stomoxys, especially those 
found on game animals. The specimens may be sent either preserved 
in spirit, or dried and then placed in soft paper, no wool or pre- 
servative, such as naphthaline, should be used in the packing. 
A list of species, of which more specimens are required, will be 
found in my previous paper, a copy of which will be sent to anyone 
desiring it. The following species were not included in the list :— 


Species Locality where found 
Stomoxys spinigera Malloch ... ... Budda, Uganda; Ruo, Nyasaland. 
Stomoxys angustifrons Malloch ... Ngxwala Hill, Zululand. 
Stomoxys hirtifrons Malloch ... ... Near Rumurti, Kenya Colony. 
Stomoxys latifrons Malloch _ ... ... Ruo, Chiromo, Nyasaland (biting cattle) ; 
Ntambanana, Zululand. 
Stomoxys punctigera Austen ... ... Uganda; Belgian Congo. The male is un- 
known. 
Stomoxys austent Malloch _... ... Near Sandakan, Samawang, N. Borneo (in 
jungle). 


Stomoxys transvittata Villeneuve... Durban, S. Africa. 
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CONCLUSIONS 


1. The generic characters of Musca are re-defined, and the 
significance of the structure of the male terminalia, as a guide to 
those of the higher forms, is briefly noted. 

2. The proboscis of each of the seven species exhibiting various 
changes in the development of the blood-drawing apparatus is 
illustrated, and the changes in the parts concerned with scratching 
and tearing the skin of the host are briefly noted. A comparison 
of these with those of 17. domestica demonstrates the fact that the 
differences in the prestomal sclerite, teeth, interdental armature 
and the structures associated with their function are those of degree 
and not of kind. The proboscis of each is in all other respects 
identical with that of domestica. 

3. The blood-drawing apparatus in Musca is essentially of 
a scratching and tearing nature, the ends of the interdental armature 
and teeth, which vary structurally according to the group to which 
the flies belong, only enter the skin. It is, therefore, strictly not 
a piercing apparatus. 

4. This study of the proboscis confirms the conclusions already 
reached as to the relationships of these species. But conversely it 
should be noted that the study of the proboscis by itself might 
quite easily lead to erroneous conclusions as to their affinities. 
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STUDIES IN CHEMOTHERAPY* 


X. FURTHER OBSERVATIONS ON THE 
TRANSMISSIBILITY OF TRYPARSAMIDE- 
RESISTANCE BY GLOSSINA 


BY 
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FRANK HAWKING 


(Received for publication 13 March, 1933) 


In a previous communication (1933) we have referred in detail 
to the work of several investigators—Gonder (1911), Duke (1927) 
and Reichenow and Regendanz (1927)—who have endeavoured to 
determine whether the acquired character of arsenic-resistance in 
trypanosomes is transmitted through the intermediate invertebrate 
host. We have shown that the different conclusions reached by these 
workers were all unconvincing, because there is reason to believe 
that their so-called resistant strains were in fact but little, if any, 
more resistant than were the normal parent strains from which they 
were derived. We then gave a brief account of experiments 
performed by us, which, in our opinion, afforded conclusive proof 
that a strain of trypanosomes made highly resistant to tryparsamide 
preserved that resistance unchanged after cyclical transmission by 
Glossina morsitans. In the present paper we propose to describe 
these experiments in detail, and to record later observations on 
the same subject. 


SOURCE AND CHARACTERS OF TRYPANOSOME STRAINS 


Normal strain :—The trypanosome used in these experiments 
was a strain of T. bruce: obtained by Dr. A. R. D. Adams in South 
Ankole, Uganda, by exposing a dog to the bite of wild Glossina 
morsitans in April, 1931. This strain has since been maintained 
by passage through guinea-pigs, as is shown in Table I. At the 
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time the experiment commenced (September, 1932), the parasite was 
a typically polymorphic trypanosome, and exhibited numerous 
posterior nuclear forms. Its virulence for guinea-pigs, rats and 
mice was similar to that of other recently isolated strains of T. brucei 
or T. rhodesiense : it killed guinea-pigs in eight to twelve weeks, and 
mice in four to eight weeks. Trypanosomes were usually to be found 
in considerable numbers in the peripheral blood of these animals 
throughout the course of the disease. In fact the strain was 
indistinguishable from other strains of T. bruce: recently isolated 
from Glossina, and there is no reason to believe that in these respects 
(morphology and pathogenicity) the parasite had been in any way 
modified by its passage in the laboratory through a series of II or 
I2 guinea-pigs during a period of about 18 months. 

With the object of ascertaining the response of the normal parent 
strain to various arsenical compounds, a number of mice and guinea- 
pigs were subinoculated from animals of the main-passage series— 
viz., from Guinea-pig 3B, 681E, 795D, 98A or 98D (Table I). 

The results obtained in guinea-pigs were as follows :—Three 
guinea-pigs were treated with 0-05 gm. of tryparsamide per kilo. of 
body weight. In two of them parasites disappeared from the blood, 
which remained negative for 3 and 12 days respectively ; in the 
third, which at the time of treatment showed a heavy infection, 
the blood did not become negative ; in other animals smaller doses 
failed to clear the peripheral blood. It was thus concluded that the 
minimum effective dose of tryparsamide for guinea-pigs was 
approximately 0-05 gm. per kilo. 

Details of the results of treating infected mice with tryparsamide, 
reduced tryparsamide, arsacetin and halarsol are given in Table II. 
It is of importance to note that all the mice referred to in this table 
were infected from guinea-pigs of the normal parent strain (vide 
Table I) and not from one another. Recent observations have 
suggested to us that the manner in which a strain has been previously 
passaged in laboratory animals may exert a considerable influence 
on the results obtained in experiments, the object of which is to 
determine the response of that strain to therapeutic substances. 
It must also be borne in mind that the present strain differed 
markedly from most of the laboratory strains which have been used 
for therapeutic experiments, in so far as its virulence in mice was 





160 


Tasre II 





Showing the response to arsenicals in mice of the normal parent strain of T. brucei. 












































































































































Degree of 
infection 
Source of of mice Number of | Number of mice 
Dose per infection when mice which had Length of time 
Drug 20 gm. (vide Table 1) treated. treated become negative | mice remained 
mouse Parasites per in hours negative 
field 1/6 obj. 
mgms. 4 0c. 24 | 48 | 72 | 96 days 
Tryparsamide 6:0 Guinea-pig 795p 10 to 20 4 ofe I | I mouse: 2 
8-0 Guinea-pig 98a 3to 5 5 4/4141 4 4]3mice: 5 
I mouse : 9 
10°0 Guinea-pig 795p 1 to 20 7 2]|6]7].-. | 2 mouse: 2 
4mice : 6 
I mouse: 13 
I mouse: 17 
20°0 Guinea-pig 795p 1/5 to 20 4 4 s | woe | oe | EMouse: 7 
2mice : 10 
I mouse : 24 
30°0 Guinea-pig 795D I to 20 4 eS I mouse: II 
I mouse: 13 
I mouse : 17 
I mouse : cured 
40°0 Guinea-pig 795D 10 to 20 9 9 I mouse: 2T 
Guinea-pig 98D I mouse: 8fT 
I mouse: 13T 
2 mice : 20T 
I mouse : 30 
3 mice : cured 
Reduced Or04 Guinea-pig 795D 2 to 10 5 ° I I 1 | I mouse: 5 
‘l'ryparsamide a _ ar _ 
0°06 Guinea-pig 795D 2 to 10 6 213147] 4 | 2 mice 3 
I mouse: 4 
I mouse: 5 
0-08 Guinea-pig 98a 1to 5 5 oj] 2 ]2 {| 2 | t mouse: 
I mouse: 2 
ol Guinea-pig 3B 2to 5 7 314] 6] 6 | 2mice 2 
Guinea-pig 795D 2mice : 6 
2mice : 8 
o125 | Guinea-pig 795D Ito 3 5 5 | + ++» | IT mouse: 7 
2mice : 9g 
2 mice : 12 
0°25 Guinea-pig 3B 1/5 to 20 8 8 I mouse: 2¢ 
Guinea-pig 795D I mouse: 5 
3mice : g 
I mouse: 12 
I mouse : 20 
I mouse : 22 
O'5 Guinea-pig 795D I to 10 5 5 |- we | «+ | I mouse: IO 
I mouse : II 
I mouse: 12 
2 mice : I4 








t Signifies mouse died without relapse. 
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Tasie I1—Continued 



































































































































Degrec of 
infection 
of mice Number of mice 
Dose per Source of when Number of which had Length of time 
Drug 20 gm. infection treated. mice become negative | mice remained 
mouse (vide Table I) Parasites per treated in hours negative 
field 1/6 obj. — 
mgms. 4 0c. 24 | 48 | 72 | 96 days 
Reduced 1:0 Guinea-pig 795D 2 to 10 6 6 . I mouse: 3f 
‘Tryparsamide z2mice : 9 
2mice : I4 
I mouse : 17f 
"5 Guinea-pig 98p 1/2 to 15 5 5 2 mice 8 
: I mouse : 10 
q I mouse : 23 
I mouse : 30 
2°0 Guinea-pig 795D 1/10 to 10 5 5 I mouse: If 
I mouse: 4T 
I mouse : 11T 
I mouse : 17 
I mouse : 19T 
Arsacetin 3"0 Guinea-pig 98p 5 to 10 7 o}| 1} 6] 6 | 3mice I 
Guinea-pig 795D 3 mice 5 
I mouse: 7 
. 4°0 Guinea-pig 98a I to 20 7 i oa, 4 mice I 
: Guinea-pig 98D 2 mice 5 
a I mouse: 7 
7 570 Guinea-pig 795D 2 to Io 5 ae aes I mouse: 2 
q 3 mice 4 
j I mouse: 5 
E 6°0 Guinea-pig 795D I to 20 4 1 3 3 3 | I mouse: 3 
q I mouse: § 
3 I mouse: 6 
10°0 Guinca-pig 98p +to-+ 5 5 : 4 mice 8 
E I mouse: Il 
; 20°0 Guinea-pig g$p 5 to ++ 5 eon o ... | Emouse: 6 
3 mice 8 
I mouse : cured 
Halarsol 0°03 Guinea-pig 98a I to 10 5 24 ST ua} oe 2 
2 mice 4 
I mouse: 5f 
o'4 Guinea-pig 98p zo to + 5 5 ‘ ; I mouse: 6 
3 mice 8 
I mouse: 8f 
06 Guinea-pig 98D 20 to + 5 5 . 2 mice 8 
I mouse: g 
I mouse : 12 
I mouse : I4 
4 t Signifies mouse died without relapse. 
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relatively mild ; the average duration of the infection in these animals 
was from 1 to 2 months, and, although trypanosomes were usually 
to be found in the blood in large numbers, in an occasional mouse 
they disappeared spontaneously from the peripheral circulation 
for a day or two. These facts of necessity made the determination 
of the minimum effective dose of a drug more difficult in the case 
of the present strain than in that of acutely pathogenic strains such 
as our old laboratory strain of 7. rhodesiense. With this difficulty 
in mind, we have indicated in the Table the number of animals which 
had become negative within 24, 48, 72 and 96 hours respectively 
after the administration of the drug. 

It will be seen from Table II that in the case of mice the M.E.D.* 
of tryparsamide was about 8 mgm. ; of reduced tryparsamide 0-06 
to o-I mgm. ; of arsacetin 3 mgm.; and of halarsol 0-03 mgm. per 
20 gm. mouse. No attempt was made to determine the curative 
dose of tryparsamide in guinea-pigs ; and attempts to ascertain the 
minimum curative doses of the various drugs in mice were 
unsuccessful, because in each instance the maximum dose tolerated 
by mice failed to produce cures in the majority of animals. These 
results are in striking contrast with those obtained previously with 
our old laboratory strain of 7. rhodestense. Whilst the M.E.D. of 
each drug for the present strain is only slightly greater than that 
for 7. rhodestense, the minimum curative dose is immensely greater 
and in fact coincided with, or even exceeded, the minimum dose 
tolerated by the mouse. The explanation of this very interesting 
point is obscure and we shall return tu it in a later paper. 

Resistant variety :--With the object of preparing a strain resistant 
to arsenicals, Guinea-pig 681 (after the main strain had been passed 
oninto Guinea-pig 681 E) was treated with repeated small, but gradually 
increasing, doses of tryparsamide. Details are given in Table III, 
from which it will be seen that a stage was finally reached when a 
dose of 0-5 gram per kilo. failed to clear the blood of parasites. 
As this dose approached the maximum tolerated by a guinea-pig, and 
as it was ten times the dose which we had found to be the M.E.D. 
for the normal parent strain, it was decided at this point to stop 
the administration of tryparsamide, and to test the response of the 
strain to arsenicals in subinoculated guinea-pigs and mice. 





* Minimum Effective Dose (M.E.D.). The minimum dose which sufficed to clear the blood 
of at least 80 per cent. of infected mice, within a period of 4 days. 
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by these animals (i.e. 0-5 gm. per kilo.). 


Guinea-pig 681¢ 
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The results obtained in guinea-pigs were as follows :—Three 
animals were given doses of 0-5 gm. of tryparsamide per kilo. and 
in none of them did the blood become negative ; four others were 
given 1:0 gm. per kilo., and in two of them the blood became negative 
for 1 and 5 days respectively ; one of the four died in 5 days from the 
It is thus clear that the infection in 
guinea-pigs resisted the maximum dose of tryparsamide well tolerated 


Taste III 


Showing the production of the tryparsamide-resistant branch. 
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N.B.—Blood infection : the figures indicate the number of trypanosomes per microscope field. 


Tryparsamide : 


the figures indicate dose in grams per kilo. of guinea-pig. 


* On this date animals were subinoculated to test the resistance of the strain to arsenicals, and the feeding of 
Glossina commenced. 


and 0-6 mgm. of halarsol per 20 gm. mouse were ineffective. 


The results of treating infected mice with the various drugs are 
shown in Table IV, from which it will be seen that 45 mgm. of 
tryparsamide, 2 mgm. of reduced tryparsamide, 30 mgm. of arsacetin, 


It should 


be noted that these doses represent approximately the maximum doses 
of the various drugs tolerated by the majority of mice. 
of these figures with those previously given for the normal parent 
strain shows that the resistant variety had thus attained to a very 
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high degree of resistance. It is interesting to observe that this 
pronounced change in the resistance of the strain to aromatic 
arsenicals was not accompanied by any discernible alteration in its 


morphology or pathogenicity. 


SOURCE OF GLOSSINA AND ITS MAINTENANCE IN THE 


LABORATORY 


In June, 1932, we wrote to Dr. H. L. Duke of Uganda and 
to Dr. J. F. Corson of Tanganyika, asking them to be good 
enough to send by air mail regular supplies of pupae of Glossina 
palpalis and Glossina morsitans respectively. During the past six 


TABLE IV 


Showing the response to arsenicals in mice of the tryparsamide-resistant branch of the parent strain. 








| | 


Degree of | 
| Number 


_ Dose per infection of 
20 gm. Source of mice when | 
Drug mouse infection treated. 
(vide Table 1) Parasites 








of 
mice 


treated | 


al 


per field 
mgm. na 4 oc. | 

Tryparsamide wa] SRO Guinea-pig 966 3 to 20 

| - 
Reduced | 

Tryparsamide _..., 20 | Guincea-pig 681¢ 1/3 to 20 
74B 

Arsacetin... ssf .90°O Guinea-pig 966 5 to 20 

alarsol ue a o6 Guinea-pig 966 1 to + 
” 748 
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months we have received from Dr. Duke one consignment of 1,000, 
and seven, each of about 500, G. palpalis pupae collected on the 
shores of Lake Victoria; and Mr. Jackson, at Dr. Corson’s request, 
sent us one large consignment of about 3,000 pupae of G. morsitans 
collected at Kikori. To these gentlemen our thanks are due. 

The first consignment, which consisted of 1,000 pupae of 
G. palpalis, was sent in a wooden container of such small size that 
the pupae almost completely filled it ; the container was wrapped 
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in brown paper. When the package reached Liverpool, 9 days after 
its dispatch from Entebbe, a small number of dead flies was found 
amongst the pupae, thus indicating that a few pupae had hatched 
en route. The remainder of the pupae, which appeared to be 
perfectly normal, were placed in a large cage constructed of wood 
and wire gauze ; this was kept in a glass-house, the average daily 
maximum temperature of which was 86° F. and the average nightly 
minimum, 60° I. The pupae were exposed to strong daylight, but 
were protected from the direct rays of the sun. To our disappoint- 
ment not a single fly emerged from this very large consignment of 
apparently healthy pupae. 

In casting round for an explanation of this misfortune, it occurred 
to us that a reasonable solution was that the pupae had all died during 
the journey from Africa from want of oxygen. We accordingly 
wrote again to Dr. Duke and asked him to send future consignments 
in ordinary cigarette tins, loosely packed with cotton wool to prevent 
mechanical damage, and to arrange that a number of small 
perforations were made through the tin and paper wrapping, so 
as to ensure a plentiful supply of air. All further consignments 
were packed in this way, and all survived the journey well, as from 
each large numbers of flies were obtained. 

In our earlier experiments, which were conducted during the 
summer and early autumn, the tsetse flies were hatched and kept 
in the glass-house referred to above, but as the season advanced it 
became increasingly difficult to maintain the glass-house at a 
temperature sufficiently high for transmission experiments. 
Consequently we were compelled to transfer the flies to an incubator 
kept at 80° F. to 84° I’. during the nights; and finally we had to 
abandon the glass-house altogether and to rely entirely on incubators. 

The exclusive use of incubators for the hatching and maintenance 
of Glossina presents certain difficulties which are not met with 
when the glass-house is used. Roubaud (1917) many years ago 
drew attention to this fact. He stated that for the normal develop- 
ment of the tsetse it was essential to renew the air in the incubator ; 
in closed incubators the flies did not develop their wings on emerging 
from the pupae, and furthermore many of the pupae did not hatch. 
Roubaud adds that he surmounted this difficulty by leaving the 
incubator slightly open. One of us and Macfie (1924), working with 
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G. tachinoides, the pupae of which had been sent to Liverpool, 
likewise observed that the flies which had hatched in the incubator 
failed to expand their wings and remained incompletely developed. 
These observers believed this lack of proper development to be due 
to absence of light. Present experience has confirmed this view that 
light is essential for the complete development of freshly-hatched 
tsetse. Insects which emerge, and are subsequently kept in dark 
incubators, do not expand their wings and are unable to feed. 

Accordingly, in the winter months, when low temperatures 
prevented the use of the glass-house, we found it desirable to use two 
incubators. In the one in which the flies were kept during the night 
(5 p.m. to 10 a.m.) both glass and wooden doors were closed and the 
incubator kept at a temperature of from 82° to 84° I. In the day 
time (10 a.m. to 5 p.m.) the flies were transferred to a second incubator 
the glass door of which was closed, but the wooden door was left open ; 
the glass door was directed towards a southern window, and the 
interior of the incubator was lined with white paper in order to 
ensure that the flies were exposed to as much light as possible ; 
the temperature of this incubator was kept at go° to 95° F. These 
high temperatures are unfavourable to the fly, but they facilitate 
the development of the trypanosome in the insect. This fact was 
shown many years ago by Kinghorn and Yorke (1912); and it 
has recently been stated by Taylor (1932) that the exposure of 
G. tachinotdes to very high temperatures, 1.e., approaching 98° F. 
for a limited period each day, materially increased the percentage 
which become infective. 

It is, of course, a matter of the utmost importance that the 
humidity of the atmosphere should be kept as high as possible, 
otherwise the flies will die rapidly when kept at temperatures of 
over 80° F. In the glass-house we had a mechanical device for 
sprinkling water over the hot pipes, and in the incubator the humidity 
of the atmosphere was maintained by the use of large flat dishes 
containing water. 

Furthermore, it is important to use scrupulously clean incubators. 
On one occasion we lost about 40 flies owing to the fact that the 
incubator had previously contained a tube with tissues clearing in 
clove oil preparatory to being embedded. Although this had been 
removed some time before the incubator was used for the tsetse-fly 
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work, a faint smell of the clove oil was still noticeable, and within 
12 hours about go per cent. of the flies had died. Further experience 
showed that slight traces of a volatile substance, such as clove oil, 
cedar oil or formalin, were highly injurious to Glossina. 

Provided these precautions were taken, we found it possible to 
keep both G. palpalis and G. morsitans alive in incubators at 
temperatures varying from 80° to 95° F. for a sufficient length of 
time to conduct successful transmission experiments. 


TRANSMISSION EXPERIMENTS 


In the transmission experiments, the flies were fed 3 or 4 times on 
infected guinea-pigs at 3 or 4 day intervals, and subsequently on a 
series of healthy guinea-pigs. In the present paper we are concerned 
with three experiments, in each of which both G. palpalis and 
G. morsitans were employed under identical conditions. 

In Experiment I an attempt was made to transmit the normal 
parent strain of T°. brucez. Inall, 91 G. palpalis and go G. morsitans 
were fed on 4 occasions on Guinea-pig 681E (Table I), and 
subsequently each species of tsetse was fed on a series of normal 
guinea-pigs. 

In Experiment II an attempt was made to transmit the branch of 
the parent strain made resistant to tryparsamide, and 58 G. palpalis 
and 51 G. morsitans were fed on 4 occasions on Guinea-pig 681C or 
946 (Table I). Each species of fly was then fed on a series of normal 
guinea-pigs. 

In Experiment III an attempt was made to transmit the 
tryparsamide-resistant branch which had already been passed once 
through Glossina in Experiment IJ. In this experiment 160 
G. palpalis and 6 G. morsitans were fed on 4 occasions on Guinea-pig 
14B, 14C or 67A (Table I); the flies were then fed on a series of 
normal guinea-pigs. 

The results of these transmission experiments are summarized 
in Table V. 

Table V shows the number of flies at the commencement of the 
experiment, i.e., at the time of the first infected feed, and also 
the number alive at the time of the first feed on a clean animal. 
It will be seen that in each experiment a considerable number of 
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Taste V 


Summarizing the results of the transmission experiments. 





Result of dissections.* | 
No. of Glossina No. positive 
Species | ——|— 
Strain of At At time of | | Gut and | 
Glossina | beginning of _ first feed on | Gut only | salivary 


! 
| 
| 
| 
| 
| 
| 
| 














Results of feeding 
flies on series of 
healthy animals : 

- not infected 






































| experiment clean animal | glands + infected 
Parent sn .--| palpalis gI 71 3 | I Guinea-pig 820B — 
(Guinea-pig 6818) | * 820c ++ 
| 9 887A + 
| ” 887B -t- 
| 42a 
” 942B -+ 
morsitans | go 59 8 | 2 | Guinea-pig 820a + 
| | 9 821a + 
| - 821B + 
| | ” 821c + 
| | ” 886a + 
| ‘ 886B + 
| | ” gtga + 
| gIgB + 
| tmice + 
Try parsamide- palpalis 58 | 26 ° ° | Guinea-pig 14a — 
resistant-branch - 62B — 

Ist passage j 

(Guinea-pig 681c)| morsitans 51 24 I I | Guinea-pig 14a — 
(Guinea-pig 946) ss 14B + 
re) 4c + 
” 62a + 
| ” 674 + 
| | ” 67B + 
| t mice a 
Try parsamide- palpalis 160 108 6 2 | Guinea-pig 146a — 
resistant-branch | | - 146B + 
and passage | -" 224A + 
(Guinea-pig. 148) | ‘ 279A + 
(Guinea-pig. 14) ” 279B + 
(Guinea-pig 67a) mice + 
morsitans | 6 4 fe) I Guinea-pig 1464 — 
| | “ 146B + 
” 224A + 
” 251A + 
” 251B + 
9 251e + 
| mice + 





* This relates only to flies dissected after the first feed on a clean animal. 
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t In these animals infection was produced by the inoculation of metacyclic trypanosomes from the 
salivary glands of infective flies. 
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flies died during this interval, which was, as a rule, 12 to 16 days. 
No account is taken of flies which died before the first clean feed, 
and the figures relating to positive flies refer only to those dissected 
after the first clean feed. In the last column of the Table a list is 
given of the clean animals on which each species of tsetse was fed. 

It will be seen that each experiment was successful, in that the 
trypanosome completed its biological development in at least one 
fly, and a series of clean animals was infected by the bite of the 
infected insect. Under the conditions of experiment—the flies 
were fed on the infected animals on several occasions over a consider- 
able period—it is obvious that it is impossible to determine the exact 
period occupied by the cycle of the trypanosome in Glossina, i.e., 
the period between the time of the actual infecting feed and that 
at which the insect was first capable of infecting clean animals ; 
analysis of the data available, however, indicates that in two flies 
it could not have been more than 14 days, and that in others it was 
between 14 and 24 days. 

In each experiment the results obtained with G. palpalis can be 
compared with those obtained with G. morsitans, as with both species 
the conditions of experiment were identical. The total number of 
flies is small, but the figures suggest that G. morsitans is more 
susceptible to infection by the strain of 7. brucez used than is 
G. palpalis : thus, of 205 G. palpalis which were alive at the time of 
the first feed on a clean animal, 9 (4:5 per cent.) showed an infection 
of the gut alone, and 3 (1-5 per cent.) showed an infection of both 
gut and salivary glands ; and of 87 G. morsitans, g (10-4 per cent.) 
showed an infection of the gut alone, and 4 (4:6 per cent.) showed 
an infection of both gut and salivary glands. These figures are 
in agreement with the results published by Duke* elsewhere in this 
issue. 

As will be seen from the Table, we succeeded in our endeavours 
to transmit by Glossina each of the following three strains :— 

(i) The normal parent strain. 
(ii) The tryparsamide-resistant branch of the parent strain 
(st fly passage). 
(iii) The tryparsamide-resistant branch which had already 
been once transmitted by Glossina (2nd fly passage). 





* Vide p. 123. 
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RESPONSE OF THE TRANSMITTED STRAINS TO ARSENICALS 


The response to arsenicals of the various transmitted strains 
was tested firstly in guinea-pigs directly infected by the bite of 
infective tsetse; and secondly in mice, either inoculated from these 
guinea-pigs or injected with metacyclic trypanosomes from the 
salivary glands of the infective tsetse. 


The results obtained in guinea-pigs were as follows :— 

(i) Guinea-pigs infected with the normal strain passed through 
Glossina :—F ive guinea-pigs were given 0:05 gm. tryparsamide 
per kilo. In three of them the blood became negative for 
2, 4 and 8 days respectively ; and in two the infection was 
definitely reduced, but the blood did not become negative. 

(ii) Gutnea-pigs infected with the tryparsamide-resistant 
strain passed once through Glossina :—Three guinea-pigs were 
given 0-5 gm. tryparsamide per kilo. and one received 1:0 gm. 
per kilo. In none of these animals did the blood become 
negative. 

(iii) Guinea-pigs infected with the tryparsamide-resistant 
strain passed twice through Glossina :—Three guinea-pigs were 
given 0-5 gm. tryparsamide per kilo. In two the infection 
was uninfluenced and in one the blood became negative for a 
single day only. 

The results obtained in mice are set forth in Tables VI, VII and 
VIII. It is to be noticed that all the mice referred to in these Tables 
were infected either directly with the metacyclic trypanosomes from 
the salivary glands of the infective flies, or from the guinea-pigs 
infected by the bite of these flies. In this respect the Tables are 
as nearly as possible comparable with Tables II and IV. As already 
stated, we believe this point to be of considerable importance in 
therapeutic experiments, and we intend to discuss it fully in a later 
paper. 

If Table VI be compared with Table II it will be seen that the 
results obtained with the normal strain after passage through 
Glossina are indistinguishable from those obtained with the same 
strain before its passage through Glossina ; similarly if Tables VII 
and VIII be compared with one another and with Table IV it will be 
seen that two successive passages through Glossina had not produced 
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Tasre VI 


; Showing the response to arsenicals in mice of the normal parent strain after passage through Glossina. 





























Degree of 





























infection Number of mice 
Dose per Source of when Number of which had Length of time 
Drug 20 gm. infection treated. mice become negative | mice remained 
mouse (vide Table 1) Parasites per treated in hours negative 
field 1/6 obj. —|-— — 
mgms. 4 0c. 24 | 48 | 72 | 96 days 
Tryparsamide 0 Guinea-pig 821¢ 2 to 2c 9 1 | 4} 6 | 7 4} tmouse: 1 
Guinea-pig g19B I mouse: 2 
I mouse : 3 
2mice : 4 
Imouse: § 
Imouse: 6 
F 8-0 Guinea-pig gtyB 2 to lo I 2} 5 | 6 | 6 | Tmouse: 4 
; 2 mice 5 
i I mouse: 7 
2 mice S$ 
10*0 Guinea-pig 821¢ 2 to 20 10 2 23 I mouse: 4 
Guinea-pig g1gB 4 mice 5 
5mice : 6 
20°0 Guinea-pig 821¢ 1/5 to 3 5 5 I mouse: 9 
: 3mice : 11 
a i mouse: I5 
: 30°0 Guinea-pig 821¢ 1/3 to 10 II II I mouse: 2T 
Guinea-pig 919B I mouse: g 
2mice : I4 
3mice : 18 
2mice : 25 
2mice : cured 
40°0 Guinea-pig 821¢ 1/2 to 20 10 10 1 mouse: 3f 
Guinea-pig g19B I mouse: 8 
I mouse: 13T 
I mouse : 23 
6 mice : cured 
Reduced 0:06 Guinea-pig 821A I to 10 5 o}| 2] 2] 2 {1 mouse: 2 
Try parsamide I mouse: 5 
GC. morsitans I to 20 4 I 2 | 2 | 2 | mouse: |! 
: I Mouse: 2 
: 0:08 Guinea-pig gtgp 1 to 15 10 ot 304 a I mouse: 3 
4mice : 4 
I mouse: § 
I mouse: 5f 
I mouse: 6 
I mouse: 7 
I mouse: 9 
orl Guinea-pig 821¢ Ito § 5 24 Gh xe fos t gio 5 
I mouse: 6 
I mouse: 7 
G. morsitans Ito 5 3 27 2;2)] 2 | «meme: 2 
I mouse: 3 
o125 | Guinea-pig 8214 1 to 20 5 Gf ses ". T I mouse: § 
Guinea-pig 8218 I mouse: 8 
I mouse : IO 
2mice : II 
































f Signifies mouse died without relapse. 
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Taste VI—Continued 
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t Signifies mouse died without relapse. 























infection Number of mice 
Dose per Source of when Number of which had Length of time 
20 gm. infection treated. mice become negative | mice remained 
mouse (vide Table 1) Parasites per treated in hours negative 
field 1/6 ob). — — 
mgms. 4 Oc. 24 | 48 | 72 | 96 days 
O25 Guinea-pig 821A I to 10 5 2: I mouse: 4 
Guinea-pig 8218 I mouse: 7 
3mice : I4 
05 Guinea-pig 8214 Ito 10 5 44% I mouse: 6 
Guinea-pig 8218 I mouse: § 
I mouse : 11f 
1 Mouse : 12 
I mouse: 12T 
10 Guinea-pig 8214 1/5 to! 5 5 I mouse: 6t 
Guinea-pig 821¢ Imouse: 9g 
I mouse: I4 
1 mouse: 16f 
I mouse : 22 
G. morsitans § to Io 3 3 2mice : 13 
I mouse: 13f 
I°5 Guinea-pig g19B 1to 3 5 5 I mouse: II 
4 mice : cured 
2°0 Guinea-pig $21¢ 1/2 to ++ 8 8 3mice : 3f 
I mouse: sf 
2 mice : Iof 
I mouse : 13 
I mouse: 14f 
370 Guinea-pig 9198 5 5 Pi 1 | 2 | I mouse: 1 
I mouse : 1g 
4°C Guinea-pig 9198 10 5 1| 414 | 4 | I mouse: 2 
2 mice 7 
I mouse: 8 
570 Guinea-pig 821¢ 2 to 20 5 o| 5 2 mice 4 
I mouse: 5 
I mouse: 6 
I mouse: 9 
6:0 Guinea-pig 821¢ 20 to + 2 i ds I mouse: 8 
I mouse : 10 
10*0 Guinea-pig 9198 1/2 to 10 5 5 3mice : 6 
I mouse: 9g 
I mouse: 13 
20°0 Guinea-pig 919B 1/3 to + 6 6 iw. 2mice : 13 
2 mice : 16 
I mouse : 25 
I mouse : cured 
30°0 Guinea-pig 9198 1/2 to 10 5 oe 1mouse: If 
2mice : 2f 
2 mice : cured 
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Taste VI—Continued 
Degree of 
: infection 
of mice Number of mice 
Dose per Source of when Number of which had Length of time 
Drug 20 gm. infection treated. mice become negative | mice remained 
mouse (vide Table 1) Parasites per| — treated in hours negative 
field 1/6 obj. ——,——— | ——--— 
mgms. 4 oc. 24 | 48 | 72 | 96 days 
Halarsol Oro2 Guinea-pig 919B 1 to 10 10 Se iene ok) oe 
I mouse: 2 
0°03 Guinea-pig g19B 1 to 10 13 8 | 12 | 12] 12] 1 mouse: 1 
2 mice z 
5 mice 3 
3 mice: g 
I mouse: 6 
O04 Guincea-pig g19B ...| 1 to 20 10 8 | 10 I mouse: I 
I mouse: 4 
I mouse: 5 
smice : 6 
2 mice 7 
0-08 Guinea-pig 919B rto 5 10 10 I mouse: 5f 
2 mice 7 
4mice : 8 
I mouse: 9g 
.: 2mice : 11 
Ol Guinea-pig g1gB 5 to 10 4 4 1 mouse: 7 
2mice : 8 
I mouse: 9g 
O12 Guinea-pig 919B I to 10 10 10]... |. | ee | 2mice : 8 
2 mice : 10 
3mice : 13 
2mice : 18 
I mouse : 19f 
or2 Guinea-pig gigs 1/2 to 5 5 4% 2mice : 6 
I mouse: $ 
2mice : Io 
3 Or4 Guinea-pig 91gB Ito 5 6 Git xsd cn dao 2 ee = 
I mouse: gy 
I mouse: II 
I mouse: 15 
I mouse: Ig 
I mouse : cured 
ob Giunca-pig g1gB Ito 5 5 5 1 mouse 11T 
¢ I mouse: 16f 
; 2 mice : 18f 
¥ I mouse : cured 























t Signifies mouse died without relapse. 
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Taste VII 


Showing the response to arsenicals in mice of the trypsrsamide-resistant strain passed once through Glossina. 
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infection of | Number) Number of mice | time 
Source of mice when of which had become | mice 
infection treated. mice negative in | remained 
(vide Table J) Parasites | treated hours negative 
per field cate tan cian wie 
1/6 obj. 4 0¢. 24 | 48 72 | 96 days 
Guinea-pig 14B 2 to + 9 2; 2 2! 2] 1 mouse:1 
| I mouse : 1f 
| | 
| | } i al 
G. morsitans 3 to 10 5 co; Oo}; of @ - 
} 
ae | | 
| 
Guinea-pig 148 20 2 ei'o| ef o a 
G. morsitans 5 to 20 3 o}| © oO} oO 
Guinea-pig 14B 1 to + 5 ol oo}; #1 — 
Tasre VIII 


Showing the response to arsenicals in mice of the tryparsamide-resistant strain passed twice through Glossina. 
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any change in the resistance of the tryparsamide-fast strain. We 
have summarized the minimum effective doses (M.E.D.) of the various 
drugs for the normal and tryparsamide-resistant strains, before and 
after transmission by Glossina, in Table IX, from which it will be 
seen that the reactions of the two strains (normal and resistant) 
to arsenicals Were in no way modified by passage through Glossina; 


TaBLe IX 


Showing the M.E.D. of various drugs for mice infected with the normal and tryparsamide-resistant 
strains respectively, before and after passage through Glossina. 

















Normal strain Tryparsamide-resistant strain 
After After After 
Drug Parent passage Parent one passage | two passages 

through through through 

Glossina Glossina Glossina 
Tryparsamide... in ses 8 6-10 | 45+ 45+ 45+ 
Reduced Tryparsamide we «© O06-0'1 oro8 2+ 2+ 2+ 
Arsacetin ani si sia 3 4 jot 3o+ jo+ 
Ilalarsol it er ois 0°03 0°03 or6-+ o:6-++ | o6+ 





N.B.—The figures represent milligrams of drug per 20 gm. of mouse. 


that is, the fly-transmitted normal strain was just as sensitive to 
arsenicals as was its normal parent strain, and the fly-transmitted 
resistant strains were just as resistant as was their resistant parent 
strain. 

We have already referred to the fact that there is no reason to 
believe that at the time our experiments commenced the parent strain 
had undergone, as the result of its 18 months’ sojourn in a series of 
12 to 13 guinea-pigs, any change from its original condition in respect 
of morphology and pathogenicity. The strain exhibited the 
morphological characters, and virulence for mice and guinea-pigs, 
which we are accustomed to regard as typical of 7. brucei or 
T. rhodesiense freshly isolated from Glossina. As might be expected, 
passage of this normal strain through Glossina produced no change 
in its apparently normal characters. It is, however, of greater 
interest to note that the production of the tryparsamide-resistant 
variety in Guinea-pig 681C (lable I11) was not accompanied by any 
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discernible change in morphology or pathogenicity, and that the 
transmissibility of the resistant strain by Glossina was apparently 
unimpaired ; in this case also the strain was, so far as could 
be ascertained, exactly the same after passage through Glossina 
as before, 1.e., it exhibited the same high degree of resistance to the 
aromatical arsenicals and the same normal characters of morphology 
and pathogenicity. 
SUMMARY 

1. In this paper a detailed account is given of experiments 
devised with the object of ascertaining whether a tryparsamide-fast 
strain of trypanosomes is transmissible by Glossina, and if so whether 
its resistant character persists after passage through the fly. 

2. The trypanosome used was a strain of 7. brucet, isolated 
from wild G. morsitans in Uganda in 1931, and subsequently 
maintained in the laboratory by passage through guinea-pigs for a 
period of 18 months. Careful examination of the strain showed that 
in so far as its morphology and pathogenicity were concerned it was 
indistinguishable from other strains of 7. brucei recently isolated 
from Glossina: this implies that the strain had undergone no 
discoverable change during its 18 months’ sojourn in guinea-pigs. 
The response of the strain to arsenicals was then carefully 
determined : in guinea-pigs the M.E.D. of tryparsamide was about 
0-05 gm. per kilo; and in mice the M.E.D. of tryparsamide was 
8 mgm., of reduced tryparsamide 0-06 to o-r mgm., of arsacetin 
3 mgm., and of halarsol 0-03 mgm. per 20 gm. 

3. The tryparsamide-resistant variety was made by repeated 
administration of gradually increasing doses of the drug to an 
infected guinea-pig; eventually the resistance of the strain was 
increased to a point when it withstood the maximum dose well- 
tolerated by a guinea-pig, 1.e., about 10 times the M.E.D. for the 
normal strain. It is of importance to note that this change in drug- 
resistance was not accompanied by any change in morphology or 
pathogenicity. Experiments showed that in guinea-pigs this 
resistant strain withstood 0-5 gm. of tryparsamide per kilo; and 
in mice 45 mgm. of tryparsamide, 2 mgm. of reduced tryparsamide, 
30 mgm. of arsacetin and 0-6 mgm. of halarsol per 20 gm. From 
this it follows that the strain resisted the maximum doses of the 
various drugs tolerated by the vertebrate hosts. 
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4. In the transmission experiments both Glossina palpalis and 
Glossina morsitans Were used. The insects were sent to this country 
in the pupal state by air mail. An account is given of the methods 
employed for the maintenance of the flies in the laboratory, and of 
the technique adopted for the transmission experiments. 

5. Transmission experiments were successful with :— 

(i) The normal parent strain. 

(ii) The tryparsamide-resistant branch of the parent strain. 
(1st fly-passage). 

(111) The tryparsamide-resistant branch which had already 
been once transmitted by Glossina (2nd fly-passage). 

Some evidence was obtained which suggests that the strain of 
IT. brucei used was more easily transmissible by G. morsitans than 
by G. palpals. 

6. The transmitted strains were carefully examined as regards 
their morphology, pathogenicity and response to arsenicals. It was 
found that in none of these respects had the two strains been 
modified as the result of their passage through Glossina. 

The normal strain after passage through Glossina was just as 
sensitive to arsenicals as it had been previously, and similarly two 
successive passages of the resistant-strain through Glossina had in 
no degree lessened its resistant characters. 

7. These experiments afford, in our opinion, conclusive proof 
that :— 

(i) Strains of trypanosomes possessing a high degree of 
resistance to the aromatic arsenicals are transmissible 
by Glossina. 

(ii) The acquired character of drug-resistance is unimpaired 
after two successive passages through Glossina. 
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MISCELLANEA 


A NOTE ON THE VALUE OF ISSUING FREE 
QUININE TO NATIVE INFANTS 


As shown in a recent note (Gordon and Davey, 1933), there has 
been a marked increase in the incidence of quartan malaria amongst 
children in Freetown. It has been the custom for Medical Officers 
in charge of infant clinics to supply with free quinine every infant 
brought to the clinic, regardless of whether it was suffering from 
malaria or not. The adult who brought the child was told to 
continue her attendance weekly, and was given seven powders of 
euquinine, each containing two grains, one powder to be administered 
to the child every day. 

The results of examining the blood of the children under 1 year of 
age who had been supplied with quinine, and of those of similar ages 
attending the clinic for the first time and therefore not supplied with 
quinine, was as follows :— 

Number of children, supplied with quinine a week or more 


previously, whose blood was examined _... i — 
Percentage of these found positive __...... sia —— 
Number of children not supplied with quinine whose Mood 

was examined ti o i Ma ‘a ons EEG 
Percentage of these found positive ... ca ; —- 


It was not found possible to examine the urines - these very 
young children, so that we have no knowledge as to whether the drug 
was regularly administered, but we are inclined to think it was not, 
since in our experience the uneducated native has a prejudice against 
the use of quinine. Our results therefore only show that this 
particular method of supplying quinine to the infant population in 
this Colony is an unsatisfactory one so far as prophylaxis is concerned, 
although we are informed that the incidence of grave infection has 


been reduced. 
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IS TRYPANOSOMIASIS IN THE LACTATING 
RAT ‘TRANSMITTED TO THE SUCKING 
YOUNG? 


The object of the investigation was to answer this question. 
}‘our healthy female rats in various stages of lactation were inoculated 
with equal amounts of citrated blood infected with 7. brucei 
(-25 c.c. of 1/100 blood), the blood being obtained from a mouse dying 
of the infection. ‘The litters varied in age from 6 to 43 days. The 
two younger litters were limited to the mother’s milk, while the two 
litters over 3 weeks old were starved in the evening and overnight, 
so that, when the mother was placed in their cages for a few hours 
in the morning, they invariably resorted to sucking. 

All the lactating rats died from the infection in 8 to g days, the 
blood being positive in all cases 3 days after inoculation. 

On the death of the mother rat with the youngest litter, a lactating 
fostermother was placed in a cage with them; the young of the 
other litters were put on a stock diet of fine ground oats made 
into a paste with milk and water. 

Fate of the Young. The 3 young placed with the fostermother 
were eaten; one young from another litter died at the same time as its 
mother, but showed no evidence of trypanosomiasis either P.M. or 
when examined 3 days previously. All the others survived and 
grew normally, and were in good health when examined 14 days after 
the death of the last mother. None of them showed the presence 
of trypanosomes in the blood when examined a week after the blood 
of the mothers was found to be positive. 

In one instance, milk was expressed from 6 of the mammary glands 
of a dying lactating mother, but no trypanosomes were found, 
although the blood was swarming with trypanosomes at the time. 
The findings are summarised in the following table. 
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Number Age of litter 
of Trypano- Died in Number of at beginning Fate of young 
rat somes + in litter of experiment 
23 3 days 8 days 5 $3 days Alive and well 14 days 
after death of mother. 
47 3 days g days 3 6 days Well, until eaten by foster- 
mother. 
$$ —______|_—______ 
64 3 days 8 days I 17 days Alive and well 14 days 
after death of mother. 
65 | 3 days g days 5 25 days 4 alive and well 14 days 
| after death of mother. 
| 4 died at same time 
! as mother—but no 
evidence of infection. 
CONCLUSION 


Although the experiment was admittedly carried out on a limited 
scale, the results strongly indicate that trypanosomiasis 1n the female 
rat is not conveyed to the young in the process of lactation. 


5 October, 1932. J. Fine, M.D., D.P.H., D.T.M. 


TWO CASES OF ANIMAL RABIES OCCURRING 
IN SIERRA LEONE 


Although rabies appears to be not uncommon in both Nigeria 
and the Gold Coast, we can find no previous record of its occurrence 
in the remaining British Colonies of Sierra Leone and the Gambia, 
in spite of the fact that the latter both lie adjacent to French Guinea, 
from which numerous cases have been reported. 
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CasE I. In February, 1932, two Europeans in Freetown, 
together with their native servants, were bitten by a cat showing 
signs of rabies. Sections of the animal’s brain showed the presence 
of Negri bodies in the ganglion cells. 

CASE II. In December, 1932, we examined the brain of a dog 
from Mano in the Southern Province, which had bitten four natives 
before it could be killed. Negri bodies were demonstrated in sections 
of the brain, and the disease transferred successfully to guinea-pigs. 
The infection of these guinea-pigs is of some interest since the virus 
survived a 36 hours’ journey, without ice, in the hottest season of 
the year. 

R. M. Gorpon. 
FE. P. Hicks. 
=. 


H. DAVEY. 
7 February, 1933. 


THE IDENTITY OF CULEX AEGYPTT L. 


In the recent edition of the ‘Genera Insectorum’ (1932), 
Dr. Edwards has changed the name of the yellow fever mosquito 
Aédes (Stegomyia) fasciata to aegypti without stating his reasons 
for doing so. In this connection, my attention has been drawn by 
Dr. Evans to a letter from Mr. Hopkins, in which he points out that 
Gough (1914) had already identified Culex aegypti L., as Ochlerotatus 
caspius Pallas (dorsalis Gough nec. Meigen). In doing so, Gough 
says: ‘ This is one of the commonest Culicine mosquitos in our 
collection, and as Linné’s description of Calex aegypti fits it very well, 
there can remain very little doubt that it is really the same species, 
especially as there appears to be no other common Egyptian species 
fitting the description.’ 

This difference of opinion as to the identity of Culex aegypti calls 
for a re-examination of Linné’s description, in order to see which of 
the two species it best fits. This seems to be all the more necessary 
when it is remembered that the name of this important mosquito 
has now been changed no less than three times, thereby introducing 
endless confusion into the medical literature of yellow fever, and 
there seems no reason to suppose that the name-hunter may not yet 
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find an even older one than that of aegypti. The following is Linné’s 
description and a literal translation of it kindly given me by Professor 
Mountford. 


‘Culex aegypti articulationibus candidis. Magnitudo Culicis vulgaris Linn. 
Syst. N. I. Color ex fusco canus. Crura cana cum annulis candidis, parvis, circa 
articulationes et in articulis. Puncta candida ad marginem dorsi in corpore sub 
alis utrinque, plura, longitudinaliter sita. Annulus candidus ad basin thoracicis, 
inter illum et corpus. J.inea candida perpendicularis juxta oculos, utrinque una 
parva. Locus, Aegyptus, Culice communi rarior.’ 


‘Culex aegyptt with white articulations. ‘The size of the common gnat. 
Colour grey from dusky (tawny shading into grey). Legs grey with white rings, small 
ones about (around) the articulations and in the joints. White spots on the edge of the 
back on the body, beneath the wings on each side, several of them, placed 
longitudinally. One white ring at the base of the thorax between it and the body. 
A white perpendicular line near the eyes, on each side a single small one. 
Place: Egypt, rarer than the common gnat.’ 


I have italicised the sentences which, in my opinion, are the most 
important in arriving at a conclusion as to the identity of aegypiv. 
I will now take each part of the description and see whether it would 
apply either to O. caspius or S. fasciata. In making this comparison 
I have been able to examine some fresh specimens of caspius presented 
by Dr. H. H. Salem, Department of Parasitology, University of 
Cairo, Egypt. 

Colour. ‘Grey from dusky (tawny shading into grey).’ This 
short terse description of the general colour fits caspius exactly. 
By no stretch of imagination can fasciata be said to be a ‘ grey 
from dusky ’ mosquito. 

Legs. ‘Grey with white rings, small ones about (around) the 
articulations and in the joints.’ Here again this description of the 
colour of the legs fits caspius rather than fasciata, the legs of which 
are black, or dark brown with white apical bands. 

Thorax. ‘ White spots at the edge of the back on the body, 
beneath the wings on each side, several of them placed longitudinally.’ 
Given a somewhat wide latitude of interpretation of this description 
of the thorax, it might apply to both species, but, if anything, more to 
casptus than fasciata. In caspius almost the whole of the mesopleuron 
is covered with creamy scales, and in rubbed specimens they would 
appear as spots arranged longitudinally. In fasciata there are 
about six silvery spots on the mesopleuron well separated and 
arranged in the form of a triangle. 
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Abdomen. ‘ A white ring at the base of the thorax, between it 
and the body.’ In caspius the first abdominal tergum projects as 
usual, and has a posterior band of creamy scales ; this appearance 
suggests a white band between the thorax and abdomen. In fasciata 
the silvery scutellum may also be described as a white ring in the 
same situation. 

Head. ‘ A white perpendicular line near the eyes, on each side 
a single small one.’ This again would apply to the head markings 
of both species. In caspius there is a broad median area of creamy 
scales and a small creamy area near each eye. In fasciata the 
silvery markings are similarly arranged but are narrower. 

It will be noted then that the description of aegypti would in the 
main apply to both species. The general colour and that of the 
legs, however, definitely rules out S. fasciata. Dr. Evans concurs in 
this opinion. This being the case, it is much to be regretted that due 
consideration was not given to Gough’s opinion before the name 
of the yellow fever mosquito was changed to aegypti. I consider 
that the name aegypti should be dropped, and that the yellow fever 
mosquito be known in future as Aédes (Stegomyia) fasciata. 1 
have already pointed out in Part 2 of my book, ‘ Insects, Ticks, 
Mites, etc.’ (1931), that the name argenteus Poiret is also best 


dropped. 
W. S. PATTON. 


21 February, 1933. 











THE ACTION OF HUMAN SERUM JV 
VITRO ON SIXTY-FOUR RECENTLY 
ISOLATED STRAINS OF 7. RHODESIENSE 
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MEDICAL OFFICER, TANGANYIKA TERRITORY 


(Received for publication 13 February, 1933) 


INTRODUCTION 


Following the publication by Warrington Yorke, Adams and 
Murgatroyd (1929) of a technique by which the trypanocidal action 
of various sera could be examined 7 vittro at 37° C., these workers 
(1930) published their observations of the action of human sera on 
various old laboratory strains of T. gambtense, T. equiperdum, their 
‘Sherifuri K’ strain and T. congolense. They showed that, while 
IT. gambiense was completely resistant im vitro at 37° C. to human 
serum for 24 hours, T. equiperdum, T. congolense and T. rhodesiense 
were invariably killed within 2 hours; but their ‘Sherifuri K’ strain, 
which they believed to be 7. rhodestense (comparatively recently 
isolated from man) was only killed by human serum after 8 hours. 
On the basis of this work, they elaborated their hypothesis of the 
relationship between 7. brucet and T. rhodestense, 1.e., that 
T. rhodesiense is synonymous with T. brucet which had acquired 
a resistance to human serum and so became capable of infecting 
man. One of the conditions which might lead toa strain of 7°. bruce, 
normally susceptible to the trypanocidal action of human serum, 
becoming established in man, might be the presence of individuals 
in fly bush whose sera showed a diminished or complete absence of 
trypanolytic power; these individuals, becoming infected with 
a game strain of 7. bruce: and not overcoming the infection, might 
establish a strain resistant to normal human serum, and so initiate 
the spread of sleeping sickness—i.e., a T’. rhodestense infection. 





THE STRAINS 


Kibondo District, where the strains of 7. rhodesiense used in 
this investigation originated, is in the north-west of Tanganyika 


Territory, and on its eastern boundary lies Kahama District. 
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Sleeping sickness was first diagnosed in Kahama in 1928, and the 
epidemic reached its height in 1929. As the two Districts are 
contiguous, there is a constant movement of natives between them, 
and cases began to appear in Kibondo District in 1930, when 55 cases 
were diagnosed. In 1931, a further 408 cases occurred, the number 
of cases increasing markedly during the months September to 
December. | 

The District was visited in February and March, 1932, while 
the epidemic was still on the increase, and when, it was to be supposed, 
the trypanosomes were still at their most resistant stage to human 
serum ; and the opportunity was taken to examine experimentally 
the resistance to human serum of a large number of fresh strains of 
T. rhodestense. 

The tsetse-fly present was G. morsitans, and all the strains 
examined showed posterior-nuclear forms in rats, with the exception 
of two, Nos. 16 and 41. Clinically also the disease was of the 
Rhodesian type. 

The incubation periods of the strains differed greatly, varying 
from 3 days to 30 days, with an average of a little over 8 days. 
The strains on first isolation were also not very virulent to rats. 





EXPERIMENTAL 


The technique followed in the following experiments was identical 
with that described by Yorke, Adams and Murgatroyd (1930). The 
temperature was maintained at 37° C. for the 12 hours during the 
daytime ; but, as the incubator had no regulating mechanism, the 
lamp had to be removed for the night, and the temperature fell 
gradually during the next 12 hours to that of the surroundings— 
about 21° C. 

Rats were usually sub-inoculated with the trypanosome-serum 
mixture at the end of 24 hours, to see if the absence of trypanosomes, 
as shown by microscopical examination, really meant that the 
trypanosomes had been killed by the serum. All experiments were 
fully controlled by putting up a tube of goat serum and trypanosome 
suspension ; but for the sake of brevity the controls have been left 
out of the tables. 

The results of the examination of 64 strains, all tested in the 
Ist rat passage from man, are shown in Table I. 
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The above table may be summarized as follows :— 

















t Trypanosome-serum mixture sub-inoculated into rats 
Living Total at 24 hours 
; trypanosomes number of —|--——---—---__-— ——— -— SauREEEEianeiaieeieti 
Py visible up to strains Number of strains Number of rats Strains not 
sub-inoculated infected infecting 
24 hours | 30 17 16 No. 12 
| 
' ma -« | 16 4 4 — 
| 
8 yy 4 2 2 ai 
| 
6 3 2 I No. 27 
4 5 | 5 5 4 No. 37 
2 ” 3 3 3 acl 
I ” 3 3 3 i ce 
| | ne 
Total ...| 64 36 33 3 
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: The 11 strains tested on March 15th and 2oth could only be 
examined up to 12 hours, and no rats were available for 
sub-inoculation ; but so many trypanosomes were still alive at the 
end of 12 hours that there is no doubt that the majority of these 
strains would have infected rats at the end of 24 hours. 

Three strains showed no living trypanosomes in the fluid after 
2 hours, and 3 strains none after 1 hour, and yet all these 6 tubes 
were infective to rats, with incubation periods varying from 7 to 
16 days. 

Strain No. 12 is of interest in the fact that, although a living 
trypanosome was seen at 24 hours, the others in the serum were 
so weakened that they were unable to infect the rat. 

It is therefore seen that, using this technique, the fact that 
trypanosomes are no longer seen in the fluid at any given time does 
not necessarily mean that they have all been killed ; this can only be 
proved by inoculating rats with the mixture, and seeing whether 
they become infected or not. Using a different technique, this had 
already been noted by Levaditi and Mutermilch (1909) and Kligler 


(1931). 
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Neither can the susceptibility of a strain to serum always be 
judged by the length of time living trypanosomes are visible—cf., 
for example, strains No. 66 and No. 67, tested against both human 
and baboon serum, in which trypanosomes were visible in the baboon 
serum longer than in the human; cf. also strains Nos. 4 and 26. 

It will be noted that in a large number of the strains tested 
there was a sudden drop, at about 4 hours, in the number 
of trypanosomes visible under the microscope. This might suggest 
that, during the development of the trypanosome in the Ist rat, a 
large number of serum-sensitive variants had arisen ; and that the 
subsequent infection of the rat, inoculated at 24 hours, might be 
due to the survival of a few serum-resistant trypanosomes, the 
numbers of these present in some cases being too few to be seen 
microscopically. 

Without going into percentage figures, it may be said that in 
T. rhodesiense newly isolated, 1.e., in the Ist rat passage, the majority 
of the strains tested were resistant to human serum. 








DETAILED EXAMINATION OF 1:7 STRAINS 


The last 17 strains examined were then repeatedly sub-inoculated 
into rats, and their resistance to human serum examined at each rat 
passage. The results are embodied in Table II. 
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This table is of peculiar interest in showing how very frequently, 
when a Strain is carried on by syringe, the resistance to human serum 
disappears as early as the 2nd rat passage, to re-appear in 
subsequent passages. It would therefore appear that, when any 
strain is isolated from man, game or tsetse, its resistance to serum 
should be tested in the 1st rat passage, as subsequent passages 
might give misleading results (unless a long and consecutive series 
of passages were tested). 

In this connection it is of interest to examine strains Nos. 41 
and 67. Strain 41 was sub-inoculated, and, tested on the 2nd rat 
passage, the resistance to serum had decreased. Strain 67, on the 
other hand, was transmitted by fly to a guinea-pig, and on the 
2nd passage the resistance had markedly increased. The two 
experiments are not quite comparable, as in one case the 2nd 
passage was to a rat, while in the other it was to a guinea-pig ; but, 
as Lester (1932) has shown that a serum-resistant strain of T. brucet 
in a mouse, when sub-inoculated into a guinea-pig, has its serum- 
resistance decreased, the above result is all the more srtiking. 

This experiment with strain 67, slight as it is, would seem to 
support the observations of Schilling and Schreck (1930) and Lester 
(1932), that the cyclical passage of a strain through tsetse has a 
stabilising effect on the trypanosome, not only in regard to virulence 
and serological properties but also in regard to resistance to human 
serum. 

A few experiments with T. brucez, tested on the 1st rat passage 
after isolation, have shown that the trypanosome is susceptible to 
human serum, no trypanosomes being seen microscopically after 2 
hours, and the rats inoculated at 24 hours not being infected : it is 
hoped to examine shortly a larger number of strains by this technique. 

If it is shown conclusively that, on T. rhodestense being trans- 
mitted cyclically through tsetse, it maintains its resistance to human 
serum on each passage, then a biological method of differentiating 
T. rhodesiense and T. brucei would result, as in any area, especially 
in sleeping sickness areas, those polymorphic trypanosomes recovered 
from game or fly, which show, when tested 7 vitro at the first rat 
passage, a resistance to human serum, would be justifiably called 
T. rhodesiense. 
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TRYPANOCIDAL ACTION OF VARIOUS HUMAN SERA 


It was impossible in the time available, to examine the 
trypanocidal action of many sera from the Kibondo natives ; but the 
sera of 10 natives, who had come to the out-patient department 
for treatment of yaws, ulcers, etc., were tested, and they did not 
differ from the normal (Table I, sera Nos. 1, 2, 3, 5, 6, 7, 9, 10, II 
and 17). In all, 21 sera were examined, without any marked 
variation in trypanocidal action being observed. 

In Table III are shown the results of a further 8 sera tested in 
1931, which again shows no serum deviating markedly from the 
normal. 

On two occasions (Table I, strain 55 and Table III, strain 
‘Kungulu ’), serum was taken from a new sleeping sickness case 
before treatment, and its trypanocidal power tested against a heter- 
ologous strain. On both occasions they showed similar trypanocidal 
power to the author’s serum. 

It was also found that it was not always essential to dilute the 
rat’s blood with Ringer-glucose solution, as with undiluted rat blood 
added to human serum trypanosomes survived for 24 hours 
(Table I, strains 17, 27, 36 and 41). 
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SUMMARY 


1. During a recent outbreak of sleeping sickness in the Kibondo 
District of Tanganyika Territory, the action of human serum was 
tested 1m vitro at 37° C. against 64 strains of 7. rhodesiense (all in the 
Ist rat passage). The majority of these strains were shown to be 
resistant. 

2. It was shown that the resistance to human serum was a very 
variable quality, fluctuating from rat passage to rat passage. 

3. In a large number of the 2nd rat passages tested, this 
resistance to human serum has disappeared, to re-appear later; and it 
is therefore suggested that in future, when testing any strain, it should 
always be done in the Ist rat passage, or else over a long and 
consecutive series of subsequent passages. 

4. Following Yorke, Adams and Murgatroyd’s technique, it 
has been shown that it is not justifiable to say a strain is non-effective 
just because no trypanosomes are visible in the fluid after 2 to 4 
hours, but that this must be established by sub-inoculating rats. 

5. On the other hand, even though an occasional trypanosome 
is seen in the fluid at the end of 24 hours, the sub-inoculated rat 
may not be infected. 

6. Twenty-nine human sera (both European and native) were 
tested for their trypanocidal power, and they were all of the same 
value. 
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HOOKWORM DISEASE IN THE ARAB 
OF THE MIDDLE EUPHRATES 
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(Received for publication 21 March, 1933) 


The world map which accompanies Darling’s description of hook- 
worm disease in the ‘ Nelson Loose-leaf Medicine’ indicates the 
Middle Euphrates as an area from which no report of the disease 
has issued. We are herewith reporting our experience with 
ankylostomiasis in this area. 

The course of the Euphrates river may be roughly divided into 
three parts. The river rises in Turkey, and its first section traverses 
the valleys of a mountainous region. Its second part sweeps in a 
wide curve through the Syrian desert across the French mandated 
country of Syria. The third part approaches the Tigris river, and 
the two rivers together water the independent Kingdom of Iraq 
and join to flow into the Persian Gulf. 

The Middle Euphrates runs in a south-easterly direction across 
Syria between the latitudes of 37° and 34° North. It is joined by 
two streams from the north, the Belikh and the Khabour. The main 
river and its two tributaries support a large Arab farming population 
gathered in the mud villages which line their banks. There are also 
several large towns at points along the rivers, the largest of which is 
Deir-ez-Zor with a population of 30,000. 

On a priori grounds, one would expect to find infestation with 
hookworm in this region. The Arab even in the towns is devoid of a 
sense of sanitary cleanliness, and the Moslem custom of ablutions 
leads to the use of the river bank as the community latrine. In the 
towns, the streets, alleys and courts are also polluted. Most of the 
town children run barefooted throughout the year, and the feet of the 


village and farming population are almost uniformly unshod. The 
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soil of the region is light river deposit, and irrigating water is carried 
to the fields through open ditches. Much of the farmers’ work is 
done in moist soil. The climate of the region is usually mild in 
winter though occasionally there may be hard frosts and even snow. 
The summer is very hot and dry. 

Hookworm has been reported in Iraq along the Euphrates and 
Tigris in their lower reaches ; however, it has not been reported nor 
apparently recognised in the course of the Middle Euphrates. In an 
analysis of 2,000 consecutive admissions to the American Mission 
out-patient clinic of Deir-ez-Zor (Hudson and Young, 1931), we 
reported 28 cases of ankylostomiasis in the series. Since then about 
3,400 further patients have passed through the clinic, and among 
these have been 81 further cases of ankylostomiasis, making a total 
of 109 clinic patients with hookworm, out of 5,400 clinic admissions. 

There were 28 cases in the first 2,000, 5 in the third 1,000, 21 in 
the fourth 1,000, and 48 in the fifth 1,000. These were all cases in 
which ova of Ankylostoma duodenale were found in the stool. Most 
of the stools were examined by cultural or centrifugation methods. 

That the figure of 109 out of 5,400 does not represent the total 
amount of hookworm infestation is apparent from the fact that stool 
examinations are not carried out routinely in the clinic, and that 
the number per thousand has risen with our increasing awareness of 
the prevalence of the disease. Our figure of 109 positive cases does 
not include others in which hookworm was suspected but unconfirmed 
by stool examination. 

In our first series of 28 patients, 18 came from the town of 
Deir-ez-Zor, but as the number of our bedouin and agricultural 
patients has increased we have realised that, however common it may 
be in the towns, its incidence is greater, as might be expected, in 
the farming villages. For example, out of the last 3,400 clinic 
admissions, 20 cases have been from the town, and 61 have come from 
the farm, although the farming communities furnish less than one- 
third of the total of clinic admissions. 

The incidence of the disease in relation to sex shows 16 males 
and 4 females in 20 town-dwellers, and 47 males out of 61 cases from 
farms. One may conclude that males both in town and country are 
about four times as heavily infested as females. 

As to age distribution, we find the average age of 20 townspeople 
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to be 23 years, the youngest 2 years old and the oldest 50 years of age. 
In the country population the average age of 61 cases is 26 years, 
the youngest being 4 years old and the oldest 60. 

Distributing the town-dwelling cases by age decades, we find 
5 in the first decade, 4 in the second, 7 in the third, 3 in the fourth, 
and 1 in the fifth. Thus 80 per cent. are below the age of 30 years. 

Of the 61 agricultural cases, 4 are found in the first decade of life, 
16 in the second, 25 in the third, 11 in the fourth, 3 in the fifth, and 
2in the sixth. Here 75 per cent. of the cases are below the age of 30, 
and the greatest infestation is found in the decade from 20 to 30. 

We believe this does not give a true picture of the general distribu- 
tion of the disease, as many children are allowed to suffer from the 
disease untreated, whereas the young male who is the bread-winner 
is forced to seek treatment. A hookworm census of the general 
population would probably show a heavy incidence among children. 
The clinician in this region comes to suspect a triad of diseases 
in each bedouin child whom he examines, namely, syphilis (Hudson, 
1932), amoebic dysentery and hookworm. Occasionally he finds 
all three diseases present in the same child. 

We have no data upon which to make a conclusive statement as to 
the degree of infestation of the average patient, as we have not done 
any worm counts after medication. We have seen a few adults with 
very severe clinical symptoms, but for the most part it would seem 
that adult infestations are mild in type, producing gastro-intestinal 
symptoms without severe anaemia. We suspect that the severe 
symptoms would be found more commonly in a series of bedouin 
children. 

From the standpoint of geographical distribution, most of our 
clinic patients naturally have come from Deir-ez-Zor itself and from 
nearby ‘villages for a distance of 20 or 30 miles up and down the 
Euphrates. A few, however, have come from distant Euphrates 
villages, and others have come from farming communities on the 
Khabour river, from a distance of perhaps 100 miles. We conclude, 
therefore, that the disease is not limited to the immediate vicinity of 
Deir-ez-Zor, but is equally prevalent throughout the length of the 
Middle Euphrates and its two tributaries. 

This conclusion is re-enforced by the result of a survey of 306 
Arab workmen engaged in excavations near Salihiyeh, 60 miles 
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down the Euphrates from Deir-ez-Zor. These men come from the 
agricultural communities along the river nearby, and are employed by 
the Yale University Archaeological Expedition, which is excavating 
the ancient town and fortress of Doura-Europus. It was through the 
courtesy of Dr. Clark Hopkins, director of the expedition, that we 
carried out this survey in the spring of 1933. 

None but men and boys are employed in the excavations, and the 
stools of all but a few of the workmen were examined. One hundred 
and seventeen out of the 306 examined were found to be harbouring 
hookworms, an incidence of 38:2 per cent. These stools were 
examined by the brine flotation method. 

The age of the youngest subject was 9 years, and the oldest gave 
the age of 60. Of the 117 cases in which hookworms were found, 11 
were in the first decade of age, 39 were in the second, 28 were in the 
third, 27 were in the fourth, 5 were in the fifth, 3 were in the sixth, 
and 4 were in the seventh decade. Naturally, this was a selected 
group, and its age distribution cannot be applied to the general 
population. However, it may be noted that two-thirds of the 
cases were below 30 years of age. 

Inasmuch as defaecation by the workmen is promiscuous about the 
diggings, it is possible that the positive percentage may have been 
increased by the proximity of the workmen in their gangs, but the 
season of digging is a short one and the labour turnover considerable, 
so that this factor may not have much weight. On the other hand, 
these subjects were presumably healthy, doing hard day labour, so 
that it is obvious that they do not represent the sick population, 
which would doubtless contain a greater incidence of hookworm 
infestation. 

One may safely conclude that the incidence of hookworm in the 
male Arab farming population of the neighbourhood of Salihiyeh is 
probably 1 in 4, and possibly as great as 1 in 3. There is ground for 
the suspicion that this incidence of the disease would be found in 
the male population of the farming communities throughout the 
length of the Euphrates river and its tributaries in. the course of 
their flow through Syria. | . 

If this is true, the disease constitutes a public health problem 
of some magnitude for this region of the State of Syria. 
Incidentally, in.the course of the stool examination of the 306 
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Arab workmen we found, in addition to hookworm ova, only 17 
cases of infestation with Ascaris lumbricoides and 2 with Taenia 
saginata. This low incidence of other intestinal parasites is doubtless 
due to the lack of fresh vegetables and meat in the bedouin farmer’s 
diet. His staple food throughout the year is wheat and Kaffir corn. 
This low incidence of Ascaris and Taenia is remarkable, as these 
parasites are prevalent elsewhere in Syria, especially in the cities. 
We found (Hudson ¢é al., 1930) a morbidity of 75 per cent. for 
Ascaris lumbricotdes in a survey of the children of a school in Aleppo. 


SUMMARY 


1. One hundred and nine proved cases of hookworm infestation 
are reported in a series of 5,400 consecutive out-patients in Deir-ez- 
Zor. Some of the hookworm cases are town-dwellers, but the 
majority come from farming villages. Many cases of hookworm 
infestation were doubtless missed in the course of the 5,400 
admissions, so that the local incidence of the disease is undoubtedly 
higher than the above figure would indicate. 

2. Males were found to be infested 4 times as frequently as 
females, and the majority of the patients were under 30 years of age. 
These clinic statistics give no adequate picture of the amount of 
childhood infestation, which is undoubtedly heavy. 

3. The clinical course of the disease seems in general to be mild, 
though again full information on this point is lacking, especially 
among the childhood population. 

4. Our clinic series contains patients who came from villages 
distant from Deir-ez-Zor, thus indicating that the disease is prevalent 
more or less throughout the length of the Middle Euphrates and its 
two tributaries in Syria. This surmise is strengthened by the result 
of a survey of 306 presumably healthy Arabs working at a point on 
the Euphrates 60 miles east of Deir-ez-Zor. Thirty-eight per cent. 
of this group were found to be harbouring hookworms. 

5. There are good grounds for believing that 1 in 4, or possibly 
I in 3, of the male Arab farming population of the Euphrates basin in 
Syria harbours hookworms. A more extensive and intensive survey of 
the hookworm situation in this region is indicated. 

6, Itseems that the presence of ankylostomiasis has hitherto not 








212 


been recognised in the basin of the Middle Euphrates, and this—so 
far as we are aware—is the first time it has been reported in this 
region. Along with syphilis and amoebic dysentery, ankylostomiasis 
constitutes a major public health problem in this part of Syria. 


Note.—The authors are indebted to their colleague, Dr. S. S. 
Crosley, for permission to include her cases of hookworm in this 


report. 


REFERENCES 


Hupson, E. H. (1932). Syphilis in the Euphrates Arab. I: A serologic and clinical study. Amer. 
Fl. Syph., 16, 447. 
——— (1933). Syphilis in the Euphrates Arab. II: A clinical study of Arab syphilis. Jb1d., 


17, 10. 


Mantey, I. F., and Youne, A. L. (1930). A school health survey in Aleppo, Syria. fl. 
Prev. Med., 4, 49. 


and Youna, A. L. (1931). Medical and surgical practice on the Euphrates river: an 
analysis of two thousand consecutive cases at Deir-ez-Zor, Syria. Amer. Fl. Trop. Med., 11, 


297- 














SOME REMARKS ABOUT THE ROLE OF 
TRUE BLOOD-SUCKING MUSCA SPECIES 
AS TRANSMITTERS OF DISEASES 


BY 


Dr. OTTO NIESCHULZ 


(University, Utrecht, Holland) 


(Received for publication 4 April, 1933) 


In his latest publication on the genus Musca in this journal, 
Patton (1932) states in connection with the true blood-sucking species 
of this genus: ‘ These species, too, are potential transmitters of 
pathogenic organisms both mechanically and biologically, but as 
yet nothing is known of their capabilities in this direction.’ However, 
a certain amount of work has been done on these problems, and, on 
account of the authoritative manner of the statement, a short note 
on the true position may be given, as these flies are really interesting 
and not devoid of practical importance. 

Experiments with surra were carried out by Mitzmain, Patel and 
Nieschulz. Mitzmain (1914) got one positive result by direct trans- 
mission from monkey to monkey with 104 specimens, whereas 7 
experiments with an unknown number of flies were negative. After 
an interval of 1 hour, experiments with 18, and after 24 hours, experi- 
ments with 32, specimens were negative. With the same species, 
Patel (in Fletcher, 1916) got positive results after intervals not 
exceeding 7 minutes. No further details were given. Nieschulz 
(1927, 1930) obtained only negative results with 103 Musca 
crassirosiris in experiments with horses, with Ig specimens with 
guinea-pigs and rats, and with 100 Musca inferior in one experiment 
with horses. 

Anthrax was transmitted by Nieschulz (1929) with Musca 
crasstrostris from guinea-pig to guinea-pig. By direct transmission, 
I out of 6 experiments with a total of 11 flies was positive. 

Haemorrhagic septicaemia of buffaloes was transmitted by 


Nieschulz and Kraneveld (1929) through Musca crasstrostris in 
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experiments with rabbits. Positive results were obtained by direct 
transmission and after intervals varying between half-an-hour and 
24 hours. The number of flies used were by direct transmission 2, 
after half-an-hour 4, after 1 hour 1, after 3 hours 2, after 6 and 24 
hours 4. At each interval 1 positive result was obtained, showing that 
the capacity of the fly to transmit this disease was quite high. 

Thus Musca crassirostris has proved to be capable experimentally 
of transmitting surra (Mitzmain, Patel), anthrax (Nieschulz) and 
barbone disease of buffaloes (Nieschulz and Kraneveld). As 
mechanical transmitter of these diseases, its capacity ranges between 
Stomoxys and‘ Lyperosia. Being a very common species in the 
Orient and the Far East, and being not uncommon in South Africa, 
it is bound to be of some economic importance. 


SUMMARY 


A review of the work done on the transmission of surra, anthrax 
and haemorrhagic septicaemia of buffaloes by Musca crassirostris, a 
true blood-sucking Musca species, is given. 
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I. INTRODUCTION 


Ever since the first recognition, some twenty years ago, 
of 7. rhodesiense as a parasite of man, its relation to the 
two well-known trypanosomes, 7. gambiense and T. brucei, 
has been a subject of speculation and debate. The range of 
T. rhodesiense extends from the Southern Sudan to Rhodesia, 
and from the Eastern Congo and Uganda right across Tanganyika 
Territory. For political reasons, field research into the biology 
of T. rhodesiense has fallen almost exclusively to the lot of British 
and German investigators, and for a number of years the two 
schools have held fundamentally different views about the 
affinities of this trypanosome. Kleine and his colleagues believe 
T. rhodesiense to be a different species from T. brucez ; on the other 
hand, Kinghorn and Yorke, and Bruce and his collaborators, have 
always maintained that these two trypanosomes are zoologically one 
and the same species, 7. rhodesiense being merely a variety of 
T. brucei that can infect man. From time to time, observers in the 
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field have inoculated themselves or their associates with strains of 
T. bruce: from regions where no human trypanosomiasis was known 
to exist. In every case the trypanosomes failed to survive in man. 
Then, in 1917, came Taute’s great experiment, which consisted in the 
inoculation of 129 natives, and 2 Europeans, with strains of T. brucei 
from a region known to be free from any human trypanosome (Taute 
and Huber, 1919). The Germans saw in this experiment confirmation 
of their belief that T. bruce: and T. rhodesiense are different species. 
To their opponents, Taute’s experiment was merely additional proof 
that normal T. brucet cannot touch man. At this stage the discussion 
has remained for a number of years. With the formation of the 
League of Nations Commission early in 1926, Kleine, after spending 
some months in the gambiense areas of Kavirondo, went to 
Tanganyika Territory to take up the study of 7. rhodesiense. Asa 
result of his work at Ikoma, he reached the conclusion that 
T. gambiense and T. rhodesiense were but different forms of the same 
species of trypanosome, and at the same time he reiterated his 
original opinion that both the human trypanosomes were 
fundamentally distinct from T. brucei. By studying a number of 
different strains of 7. rhodestense freshly isolated from man, 
Kleine found that some of them behaved like T. gambiense and 
produced chronic infections in laboratory animals and very few 
posterior nuclear forms. Some of Kleine’s results were published in 
the Final Report of the Commission. In the same report appears a 
discussion on the prevailing views about T. rhodesiense (Duke, 1927), 
in which it was pointed out that the human inoculation experiments 
performed up to date related only to a very small number of different 
strains of T. brucet, which certainly appeared to be incapable of 
infecting either sick or healthy man. What still remained to be done 
was to expose man to a number of strains of T. brucei to see whether 
different strains differed in this important respect. In the same 
section some evidence was given, meagre perhaps but quite definite, 
that T. rhodestense differed from typical T. bruce: in possessing 
greater pathogenicity to domestic stock. Corson has since confirmed 
this experience, one of his strains killing goats in some 4 weeks--a 
remarkable manifestation of virulence in this hardy animal. Here 
isa point of some importance. Bruce and his colleagues in Nyasaland 
found the average duration of disease caused by the human strain of 
T. rhodesiense in 29 goats to be 42 days. One ox inoculated with 
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this same strain lived 134 days and 4 other oxen recovered (Bruce 
et al., 1915). Hitherto, the only known difference between 
T. rhodesiense and T. brucei has been their behaviour in man’s blood. 
If the two trypanosomes are found to differ consistently in their 
pathogenicity to domestic ruminants, the gap between them widens. 
This possibility is at present being investigated at the Veterinary 
Laboratory at Entebbe, where Mr. R. W. M. Mettam is testing some 
of our strains of T. rhodesiense in domestic stock. 

For some years past I have held the view that typical 7. gambiense, 
mild in all its animal reactions, represents the highest degree of 
adjustment yet obtained between a trypanosome of the polymorphic 
group and man. The Eket strains, described years ago by McFie in 
West Africa, and also some of those recently studied by Taylor in 
Nigeria, appear to have established relations with man reminiscent 
of the adaptation of 7. brucei to the big game in nature. In both 
these areas the trypanosome has in all probability been dependent on 
man for long periods of time, during which selection has gradually 
perfected the adjustment between the parasite and both its vector 
and its definitive host. Kleine’s studies with the Commission led him 
to link up 7. gamltense and T. rhodesiense, and at the same time 
confirmed his original views about 7. brucez. He suggests that the 
chronic strains found around Ikoma represent a stage in the adapta- 
tion of the characteristically fierce 7. rhodesiense to its human host. 
In other words, he supposes that T. rhodesiense has become modified 
into the T. gambiense type in its endeavour to adapt itself to man. 
The difficulty about Kleine’s view is to find an explanation for the 
virulent rhodesiense form of this human parasite. Kleine suggests 
that the greater virulence of 7. rhodesiense can be explained by the 
unpreparedness of the human host in regions where a human trypano- 
some appears for the first time. This explanation is, however, 
not very convincing, and the alternative theory, namely, that 
T. brucei when it first obtains a footing in man will take time to settle 
down and adjust itself to its new host, is at least equally probable. 

In the laboratory, long contact with one species of host often leads 
to the enhancement of the virulence of a trypanosome ; but there isa 
great difference between the natural method of cyclical passage from 
host to host through tsetse and the direct method normally in use in 


the laboratory. 
It is tempting to suppose that a strain of T. gambiense hitherto 
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dependent on G. palpalis, if introduced, in man, into an inhabited 
morsitans area, might appear in the hitherto clean population of that 
area in the guise of 7. rhodesiense, the transformation being due to 
passage through an unfamiliar vector. But Kleine does not invoke 
this explanation ; in fact, his own investigations led him to conclude 
that there was no significant difference between G. morsitans and 
G. palpalis in this respect (Kleine and Fischer, 1913). The little 
experimental evidence hitherto accumulated about the effect exerted 
by the species of tsetse on the trypanosomes it carries has been 
acquired at Entebbe, where T. brucei and T. rhodesiense, both 
essentially dependent on game tsetse in nature, have been passed 
cyclically from host to host, by G. palpalis for several generations. 
In these experiments, which are still in progress, no alteration of 
virulence has yet been observed. As suggested in the Final Report of 
the League of Nations Commission, investigations along these lines are 
undoubtedly desirable (Duke, 1927). On the other hand, there is, 
as far as I know, no experimental support for the view that a trypano- 
some on virgin soil tends to develop increased virulence, as do the 
organisms of tuberculosis or syphilis. The numerous strains of 
T. gambiense studied at Entebbe must have been totally unfamiliar 
with the species of animals they met at that laboratory, yet they 
behaved in them in the normal traditional manner. 

In short, there is very little certainty about this important subject. 
At the present moment the only way to distinguish 7. rhodesiense 
from T. brucei is to use man as a test animal, and in our appreciation 
of the three important polymorphic trypanosomes we stand very 
much where we were twenty years ago. But, while knowledge is 
slowly accumulating about a number of subsidiary points, there 
are two important questions that can be settled by direct experiment 
without much further delay. It is known that T. rhodesiense can be 
introduced into game animals, and it is plain that this must happen 
in nature. We can now ascertain how the trypanosome behaves 
in these animals ; whether they are good hosts in the biological sense ; 
and whether after prolonged sojourn in their blood the trypanosome 
can still infect man. These are among the objects of experiments 
now to be described. 

It is intended to carry out two lines of experiment. In one, the 
trypanosome will be examined from time to time in one and the same 
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individual antelope. In the other, it will be passed cyclically by 
tsetse from antelope to antelope, remaining a few months in each 
animal. 

The main object of this research is to find out whether, after a 
year or two in antelope, T. rhodesiense still retains its power of 
infecting man. To the administrator the answer to this question is 
of real importance, likewise to those interested in the preservation of 
the big game throughout Central and Southern Africa. 

The conditions for carrying out this experiment at Entebbe are 
particularly favourable. The accommodation for the animals is 
excellent, and already a number of antelope are established in 
apparent comfort and contentment. An unlimited supply of 
G. palpalis pupae is at hand, and pupae of G. morsitans have hitherto 
been available in sufficient quantities from Tanganyika, so that 
transmission can be performed with either or with both species. 
There is, moreover, no danger of casual infection from wild fly. 

The present paper describes the start of this investigation. Its 
successful completion depends upon the provision of sufficient time, 
continuance of the present adequate facilities and the avoidance of 
intercurrent disease and accident. 

According to the literature available at this laboratory, the 
only other investigator to study the behaviour of 7. rhodesiense in 
antelope is Dr. J. F. Corson, of the Tinde Laboratory, Tanganyika. 
Corson, in 1930-31, inoculated 4 dik-dik from a testse free area with 
strains of T. rhodesiense recently isolated from man. He reports 
that the animals appeared to suffer little in general health during a 
period of about a month. The object of his investigation was to 
determine whether the central nervous system was affected, and the 
animals were either chloroformed or treated with Bayer 21, 34, 69 
and 33 days after infection. Posterior nuclear forms were found in 
the blood of the antelope (Corson, 1931). 


II. HISTORY OF THE STRAINS OF T. RHODESIENSE USED 
IN THESE EXPERIMENTS 


In April, 1932, Dr. Fairbairn, acting for Dr. Corson at the Tinde 
Laboratory, Tanganyika Territory, very kindly sent us a number of 
strains of T. rhodestense recently isolated from natives by inoculation 
of their blood into white rats. Three of these strains were chosen 
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for the infection of the antelope at Entebbe, the blood of each of 
3 infected rats received from Tinde being inoculated into a separate 
monkey. 

The first strain, Tinde 1, inoculated into monkey 949, came from 
native Nakunubwo, a female who had been ill for some 2 months. 
Her blood had been inoculated on 28.2.32 into a white rat (incubation 
period in the rat, 17-20 days); from this first rat a second was 
inoculated on 10.4.32, and from this second animal moukey 949 was 
inoculated on 18.4.32, at Entebbe. 

The second strain, Tinde 2, came from Hamwingili, a male 30 years 
old, who had been ill for about 1 month. His blood was inoculated 
into a rat on 7.3.32 (incubation period, 7 days) ; from the rat a second 
was inoculated on 10.4.32, and from this animal monkey 950 was 
inoculated on 18.4.32, at Entebbe. 

The third strain, Tinde 3, came from Tambuta, a male aged 30. 
First isolation in a white rat on 21.2.32, from which a second was 
inoculated on 4.4.32; monkey 923 was infected from this rat at 
Entebbe on 29.4.32. 

These three strains, which have been examined in various ways at 
the Institute, do not differ from one another in their animal reactions 
and behaviour in the adhesion test. The first strain, known hence- 
forth as Tinde 1, possesses a character which distinguishes it from 
the other two, a character not hitherto included among the recognised 
attributes of a strain of trypanosomes. 

The type of gland infection produced in Glossina by Strain 1 
differs from those produced by the other two strains. Strains 2 and 3 
are characterised by very heavy gland infections, the whole gland 
being filled with a mass of flagellates. In a mature gland infection 
with Strain Tinde 1 the flagellates are always much less numerous, 
and are sometimes so scanty throughout the whole length of the 
glands and their ducts that very careful search is necessary to find 
them. At first no particular significance was attached to this 
phenomenon, but its constant otcurrence, alike in flies of the third, 
fourth and fifth decades of the cycle, and in flies infected from 
antelope or from monkeys, is noteworthy, and suggests that this 
sparse type of gland infection is indeed a definite character of Strain I. 
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III. SCHEMATIC REPRESENTATION OF THE HISTORIES OF 
THE INFECTIONS OF THESE ANTELOPE AND THE OTHER 
GAME ANIMALS DESCRIBED BELOW 

In these schedules, all the passages are made by cyclical trans- 
mission through laboratory-bred tsetse. The date in brackets under 
an animal’s experimental number is the date on which that animal 
was first bitten by an infected tsetse, i.e., the date of the animal’s first 
infection with T. rhodestense. The letter m means that the passage 
was effected by G. morsitans, p by G. palpalis. Pig a = wild pig of 
species Potamochoerus choeropatomus ; Pig b = wild pig of an un- 
determined species. 








MONKEY 949 
| | i -  . ; 
Pp Pp | | P 
| 
Monkey 924 Monkey 962 Reedbuck I Pig a2 Pig a 
(24.5.32) (4.6.32) (28.5.32) (30.5.32) ‘ Horace’ 
(2.6.32) 
MONKEY 950 
| | | | | 
P P P . r 
Monkey 963 Monkey 922 Ntalaganya I Pig a Pig az 
(6.6.32) (6.6.32) (2.6.32) ‘ Horace’ (10.6.32) 
(2.6.32) 
MONKEY 923 
as | 
| | | | 
P P P P 
aoe Jf | 2 
Guinea-Pig T.T. Pig bs Bushbuck I Pig a4 
(15.6.32) (24.6.32) (21.6.32) (19.6.32) 


REEDBUCK I (Clean flies first fed 7.9.32) 
| 





m m m 

| | | 
Monkey 1015 Oribi I Bushbuck II 
(3-10.32) (5.10.32) (13.10.32) 


NTALAGANYA I (Clean flies first fed 15.9.32) 
| 
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| | | 
Bushbuck III Pig az Serval Cat 
(30.10.32) (17.10.32) (20.10.32) 


BUSHBUCK I (Clean flies first fed 12.9.32) 
| 





m 


Monkey 1022 
(8.10.32) 
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IV. THE ANTELOPE 


The collection of game animals destined to serve in this investiga- 
tion includes the following species : reedbuck, bushbuck, oribi, duiker, 
situtunga, wild pig (2 species), serval cat, jackal and badger. Before 
it is employed, each animal’s blood is inoculated into clean monkeys 
and stained thick films of its blood are examined rnicroscopically. 
All these animals were captured in tsetse-free areas in the 
Protectorate. 

The antelope house is a commodious building with washable 
walls and floor and with its own water supply. There are two 
main compartments, one subdivided into 6 pens suitable for animals 
under special treatment, and the other with pens along one wall and 
communicating with two fenced-in recreation enclosures. A wooden 
partition pierced with small openings affords a readily accessible 
refuge for the smaller species. 

In these quarters, the animals seem quite contented with their 
lot and are in splendid condition. The distribution of the sexes has 
hitherto been too uneven to allow of breeding in captivity, but in a 
few months’ time we shall possess adults of both sexes of situtunga, 
reedbuck and ntalaganya (forest duiker). A young forest duiker was 
conceived and prematurely born at the laboratory, but unfortunately 
the pregnancy was not remarked in time to protect the mother from 
molestation by the other animals. 

The carnivora are, of course, kept separately, and it is hoped 
eventually to include in the examination jackals, hyaenas and the 
large cats about whose susceptibility to the polymorphic trypanosome 
little is yet known. 


THE INFECTION OF THE ANTELOPE 


Reepspuck I. A young adult female; intractable and very shy, the only 
member of the company which shows no signs of becoming tame. Leapt an 8-foot 
fence in an attempt to escape, being caught in the open wire fence surrounding 
the laboratory grounds. Since this episode, the fence has been considerably 
heightened, and she has now given up attempts to scale it. 


On 28.5.32, was fed upon by laboratory-bred G. palpalis metacyclically infective 
with JI. rhodesiense, Strain Tinde 1, derived from monkey 949. Ten flies with 
infected glands fed on this reedbuck: 7 of these were at the 32nd day of the cycle, 
and 3 at the 31st day, when they fed on the animal. Trypanosomes were first found 
in stained thick films of the animal’s blood on 8.6.32. At the date of writing, 
March 16th, 1933, this reedbuck appears to be in excellent health. Two months 
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or so after its infection it seemed slightly less sleek and a little thinner than usual, 
but this was at the time of its attempts to escape, and it is impossible to determine 
whether the trypanosome infection was responsible for this very slight and temporary 
loss of condition. 

Bususuck I. A male, three-quarters grown, which has been at the 
laboratory since infancy. On 21 and 22.6.32, the animal was fed upon by flies 
cyclically infective with Strain Tinde 3 derived from monkey 923. Seven flies 
with gland infections fed upon the bushbuck, § being at the 39th day of the cycle and 
2 at the 31st day. 

The blood was negative to daily thick-film examination from 8.6.32 until 29.6.32, 
when polymorphic trypanosomes were found for the first time. Examinations 
made on July 2nd and 4th were positive, on the 3rd negative, on the 6th and 7th 
positive, on the gth negative, and from the gth to 13th positive; thenceforth 
examinations ceased. At the date of writing, this animal is apparently in perfect 
health and has at no time since its infection shown any signs of indisposition. 

NraracanyA I.  (Cephaloous caerulus melanorrheus) Uganda blue forest 
duiker. An adult male. 

On 2.6.32, was fed upon by flies cyclically infective with Strain Tinde 2 derived 
from monkey 950. 

A stained thick blood film taken on 8.6.32 was negative: on the following day 
polymorphic trypanosomes were found in the duiker’s blood. 

The animal on 20.9.32 died of apparently uncomplicated trypanosomiasis. "The 
duration of the disease was thus 110 days. ‘The post-mortem examination was 
carried out by Mr. R. W. M. Mettam, the Veterinary Pathologist, Entebbe, whose 
report is as follows :— 

‘ The carcase was that of a young male blue duiker which had been dead for about 
4 hours. Rigor mortis was very marked. 

‘ The animal was in very good condition. There were no lesions observable on 
the skin. 

‘The Blood was very tarry in colour, unusually viscid, and clotted rapidly. It 
stained intensely. The musculature and subcutaneous tissues presented no unusual 
features. 

‘ The Spleen was somewhat contracted. On section its pulp appeared dry, but 
its colour was normal, The malpighian corpuscles were not prominent. 

‘ All the Lymphatic Glands of the body were increased to about twice their 
normal size. On section they appeared swollen, and a copious milky exudation 
oozed from the exposed surfaces. No haemorrhages or pigmentation of the glands 
were noticed. 

‘Both Kidneys showed prominent streaky or dot-like haemorrhages throughout 
the cortex. ‘The medulla appeared normal. Both organs were rather friable. 

‘The Liver was slightly swollen and dark mahogany in colour. The capsule 
showed no lesions. On section dark tarry blood oozed freely from the parenchyma 
which was swollen, very dark in colour, and distinctly friable. Lobulation was not 
at all distinct. 

‘The Rumen, Reticulum, and Omasum showed no abnormal features. They all 
contained soft, well masticated ingesta which appeared quite normal. ‘The mucosae 


of the Abomasum was a deep rose pink in colour, very slightly swollen, and showed 
about 20 prominent ulcers, the majority of which were on the laminae. The ulcers 
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were irregular in size and shape, and were comparatively shallow, being confined to 
the mucosa. They were all surrounded by a narrow red inflammatory zone. 

‘The Intestinal Tract contained very pultaceous faeces, but the mucosa was 
only hyperaemic in a few small areas, particularly along the Ileum. Nothing 
unusual was observed in any of the other abdominal viscera. 

‘In the Thorax the Lungs were a deep pink colour and free from any pneumonic 
lesions. In consistence they felt very doughy. On section a foamy pink oedematous 
fluid escaped especially on slightly squeezing the organs. 

‘About 6 pin-head bright red petechiae were observed scattered over the 
pericardium, while two similar haemorrhages were noted on the endocardium of the 
Left Ventricle. The valves and myocardium were normal. 


‘The Skeleton showed no unusual features. No fractures recent or healed, 
were found. 

‘ The Nervous System showed nothing beyond stasis in the meningeal capillaries.’ 

This animal came from the forests of Chagwe. In its natural environment the 
ntalaganya in this part of Uganda will certainly never meet with tsetse. This 


little duiker lives in dense forest and its only contact with the outside world is through 
the medium of native hunters who attach considerable value to its skin. 


The above three animals constitute the first generation of infected 
antelope, all of them being infected from monkeys carrying trypano- 
somes recently isolated from man. Infection of all three animals 
was brought about by laboratory-bred G. palpalts. 


The second generation 


Oris I. A young nearly adult female. 

On 5.10.32, was fed upon by 2 laboratory-bred G. morsitans whose glands were 
infected with YT. rhodesiense, Strain Tinde 1, acquired from Reedbuck I. 
T. rhodesiense was first seen in 2 stained film of the oribi’s blood on 12.10.32. Up 
to the time of writing this animal has been in excellent condition. 


Bususuck II. A male, three-quarters grown, which arrived at the laboratory 
as an unweaned kid. 

On 13.10.32, was fed upon by the 2 flies that infected Oribil. These 2 flies were 
at the 28th day of the cycle when they bit Bushbuck II. 

Daily examination of stained thick films of the animal’s blood revealed nothing 


until 21.10.32, when polymorphic trypanosomes first appeared in the blood. Since 
its first arrival at the laboratory the animal has always enjoyed excellent health. 


Bususuck III. A three-quarters grown male, which first reached the Laboratory 
as an unweaned kid. On 30.10.32, was inoculated subcutaneously with a saline 
emulsion of the infected glands of a G. morsitans that had acquired its infection 
from Ntalaganya I. 

7. rhodesiense was first found in a stained thick film of this bushbuck’s blood on 
9.11.32. Up to the date of writing the animal has been apparently in perfect 
health. 
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T. rhodesiense = Strain Tinde 1. 








Vv. ACCOUNT OF THE TRANSMISSION EXPERIMENTS 


(1) Transmission of T. rhodesiense from the monkeys 949, 950, 923, 
to the antelope of the first passage. 


Monkey 949. 






































Nl 
| Number dissected during Number of 
| Day of the experiment Duration | flies containing 
| | experi- | Number of | flagellates Ages of the 
| Experi- | Infected ment of flies experi- infected flies | Dates of 
ment | animal on which alive on ment In Ingut | dissected during | infecting feeds 
number | | dissec- | 25th day in | gut and experiment 
| tion Males Females ‘Total days | only. salivary 
| | began glands 
— 
626 | 949 | 8 42 24 27 51 50 3 7 | 8,34, 51,134,136, | 26, 28.4.32 
| | +36, +37, 137, 
| | T48, T49. 
| 
627 | 949 | 7 40 21 | 28 49 48 ° 6 | 28, 131, 33, 133, | 27, 29-4-32 
| | | 134, T48. | 
| | 
69 | 949, S 39 29 22 51 45 | | 29-4 & 1.5.32 
| | 
630 | 49 5 28 22 15 37 44 | 30.4 & 2.5.32 
Summary 
ht a nee ‘naam ume 
| Number of infected 
| flies alive at 25th day 
Total Total | Percentage Trans- 
Date flies infected |ofinfected| With missibility 
: dissected flies flies | glands Total index 
: | infected | 
: April 26th to May 23rd 188 16 8°5 | 13 | 15 7°3 

















Norte.—In all these transmissibility tables a ¢ indicates a fly with infected salivary glands. 
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Strain Tinde 2. 





Monkey 950. 












































| Number dissected during | Number of 
| Day of the experiment — flies containing 
| experi- | Number | flagellates Ages of the 
Experi- | Infected) ment of flies , ne infected flies Dates of 
ment animal _ on which’ alive on | ment In | In gut | dissected during | infecting feeds 
number | dissec- | 25th day | in gut | and experiment 
| tion Males | Females| ‘Total | days only | salivary 
began | | glands 
| | | 
628 950 | 6 33 25 26 a 48 2 ° 6, 7. 28, 30.4.32 
631 95° | 6 43 24 29 53 | 47 | I, 3-5-32 
632 95° | 9 | 45 27 22 49 45 I 7 am, tag, 432, $92, | 2, 4-56.92 
| T40, T41, tyr, t42 
| 
636 950 6 40 17 29 46 40 ° r | t3t 7s 95-32 
637 95° | 4 25 26 20 46 40 9 t | § 8, 80, 80, 82, 44, | 7, 9-5+32 
| | | 15) 15, 23, 132 | 
| | | 
641 gs | 6 | 32 29 15 44 38 | 3 2 | 6; 9) 14, 130, 32 | 10, 12.5.32 
| | ee cage 
Summary 
| Number of infected 
flies alive at 25th day | 
Total Total | Percentage Trans- 
Date flies | infected |ofinfected With _missibility 
dissected flies flies glands Total | index 
infected | 
April 28th to May rath, 1932 289 26 g'0 II 12 | 8°2 





























T. rhodesiense = Strain Tinde 3. 
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Monkey 923. 
























































—- 
’ Number dissected during Number of 
Day of the experiment | Duration | flies containing 
experi- | Number of flagellates Ages of the 
Experi- | Infected} ment of flies | experi- infected flies | Dates of 
ment | animal on which} alive on | ment In | Ingut | dissected during | infecting feeds 
number dissec- 25th day | | in gut and experiment | 
tion Males | Females; Total | days only | salivary 
began | glands 
— | r 
646 923 5 42 34 16 50 | 41 3 8 10, 41, 41, $26, | 13, 15.5.32 
| | $31 ,t31, T41,t4r, | 
| ta tynter | 
654 923 16 39 26 24 50 37 fe) I 28 | 17, 19, 21.5.32 
655 923 8 36 27 24 51 29 fe) | 1 t39 | 17.5-32 
657 | 923 13 45 32 31 63 33 I | 2 | 13, 433,33 | 16, 18.3.32 
658 | 923 7 34 21 29 so 40 3 | © 1999 19.5.32 
662 923 4 31 26 21 47 37 2 | 2 20, 20, 37, 137 21.5.32 
674 | 923 5 37 30 20 so | 33 3 o | 7,91 | 28, 30.5.32 
| 
675 | 923 5 17 26 26 sz | 33 I 1 | 9,433 | 
685 923 6 18 17 10 27 25 2 | ° 6, 11 | 2, 3, 4-6.32 
| 
Summary 
‘ Number of infected 
: flies alive at 25th day | 
‘ Total Total Percentage _ Trans- 
Date flies infected ofinfected| With | | missiblity 
; dissected flies flies glands | Total index 
i infected | | 
| | | 
May 13th to June sth, 1932 440 30 | 6°8 15 | 17 6 
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(2) Transmission of T. rhodesiense from the antelope of the first 
to those of the second passage. 















































Reedbuck I 
“7 | | | 
| Number dissected during Number of | 
| | Day of the experiment Duration | flies containing 
| | experi- | Number | of flagellates Ages of the 
Experi- Infected) ment of flies | experi- ; | _ infected flies _ _Dates of 
ment = animal on which) alive on ment In | Ingut | dissected during | infecting feeds 
number | | dissec- | 25th day in gut | and experiment 
tion Males Females| Total days only | salivary | 
| began | glands | 
| | | | - 
914 (m) | yw ae 20 24 44 39 I 1 | 26, t21 | 6, 7.9.32 
uc | | | 
95 (m) — » | 7 | 26 | 20 23 43 39 7 ° | 15, 15, 22, 31, 39) 
| 39, 39 | 
916 (m) » | 8 | 25 | 22 30 52 38 6 . 38, 7-9-32 
| | | | 38, 13 | 
917 (m) | ” 6 | 31 25 24 49 38 3 | I 14, 14, 16, $38 | 
925 (m) | ai ord 5 | 20 21 19 40 33 ues | 9 11-9.32 
26(m)| 4 | to | jo | 15 | 27 | 42 33 4 | © | 15,22, 33, 33 | 
927 (m) | 6 21 | 22 22 44 33 2 Oo | 22,27,0 | 
| | 
928 (m) » | 7 | 20 | 24 23 47 33 | | 
| | | 
933 (m) ™ 6 | 2 14 17 31 34 2 ° | 14, 20 | IT, 13.9.32 
| 
934(m) yy 7 | 18 19 17 36 36 2 Oo 13, 16 | 
943 (m) %» 7 | 18 22 22 44 34 8 | 1 | 20, 20, 24, 25, 30, | 13-9.32 
| | | 345 3434734 
Summary 
oe - 2 | 
| Number of infected 
| | flies alive at 25th day 
Total | Total | Percentage Trans- 
Date flies | infected |ofinfected) With | missibility 
dissected _fllies flies | glands | Total index 
| infected | 
September 6th to 13th, 1932 472 | 39 8°2 4 | 26 1°2 
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Bushbuck I 
eg | | | "7 — ——o a ie 7 tl ar ee oe 
| Number dissected during | Number of 
| Day of | the experiment | Duration _ flies containing 
| _experi- | Number of flagellates Ages ofthe | 
Experi- | Infected ment | of flies experi- infected flies | Dates of 
ment animal on which) alive on ment In | Ingut | dissected during _ infecting feeds 
number | dissec- | 25th day in gut and experiment 
tion | Males Females Total days | only | salivary 
$ | began | | glands 
i 937 (m) Bush- 6 | 23 19 24 43 34 I ° 34 12.9.32 
- @ buck , 
ys (m) |» 7 | 26 22 21 43 35 
Bo(m) |» 7 | 26 18 27 45 ~~ | @ 1 | +33 | 
| 940 (m) %9 5 24 23 20 43 34 | I I 34, 131 | 
3 
19: (™) » | 6 29 33 22 55 | 36 | | | 14.9.32 
r | | 
95! (m) ” 6 | 18 19 25 44 36 | | 
beim); oo» | 7 27 22 | 23 | 45 36 | + | © | 19 | 
Bs3(m)| » | 7 25 25 20 45 36 
93(m) |, 6 21 27 15 42 wi | @ fe 16, 17.9.32 
964 (m) a ae 23 30 12 42 37 | 4 | 8 | 19 37 37 37 
%7(m) 4 | 8 21 27 14 | 36 | 4 | © | 16, 36, 36, 36 17.9-32 
Summary 
Number of infected 
flies alive at 25th day 
Total Total | Percentage | Trans- 
Date flies infected |ofinfected| With | missibility 
dissected flies flies | glands , Total index 
| infected | 
| | 
September 12th to 17th, 1932 488 18 3°6 | 2 | 15 O°4 
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Ntalaganya I 
















































































Number dissected during | Number of 
Day of the experiment Duration | flies containing 
experi- | Number of | flagellates Ages of the 
Experi- | Infected| ment of flies experi- infected flies Dates of 
ment | animal jon which! alive on ment In _— Ingut | dissected during | infecting feeds 
number dissec- | 25th day | in | gut | and experiment 
tion Males Females; Total days only | salivary 
began . | glands 
| | 
954 (m) | Ntala- 5 19 23. | 23 46 38 4 | 55 7 10, 15 14.9.32 
ganya | | | 
955 (m) - 6 20 22 | 18 40 38 ; @ | ° 10, 12 
958 (m) ” 7 17 20 | 18 38 46 ° I $46 15.9.32 
| | 
959 (m) ” 7 28 3 | at 52 46 | 6 I | 22, 24, 38, 42, 43, 
| | 46, T46 
970 (m) - 9 12 22 | 10 32 43 | 9 1 12, 12, 14, 15, 16, | 18, 19.9.32 
| 24, 34, 43 
971 (m) 9 7 17 24 | 13 | 37 43 | I Oo | 34 
| 
Summary 
Number of infected 
flies alive at 25th day | 
Total Total | Percentage | Trans- 
Date flies infected |ofinfected| With | | missibility 
dissected flies flies glands Total index 
infected 
September 14th to 19th, 1932 245 23 9°3 3 9 3° 
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VI. T. RHODESIENSE IN GAME ANIMALS OTHER 
THAN ANTELOPE 


WiLtp Pic—‘ Horace’ (Potamochoerus choeropatomus). This 
animal has already been used in an investigation of the animal 
reservoir of T. gamlwense (Duke, 1931). Its previous history is 
briefly as follows :— 

Preliminary testing by sub-inoculation of the pig’s blood into clean 
monkeys and also by feeding upon it clean laboratory-bred flies 
proved the animal free from infection. 

The pig was then infected on 13.7.29 with T. gambiense by feeding 
upon it flies infective with 7. gambiense, Strain XXXIII. Clean 
laboratory-bred G. palpalis were then fed upon the pig as is shown in 
the following summary :— 














| 
Number of infected | 
Total Total | Percent. | flies alive at 25th day _ Trans- 
Test Date flies infected of missibility 
dissected flies infected With index 
flies glands Total 
infected 
I 25.7 to 22.8.29 518 2 0°3 I I 0°3 
2 19.9 to 6.10.29 417 I o°2 ° ° fe) 
3 19.5 to 24°6°30 408 I o°2 ° I | ° 
4 21.8 to 17.9.30 406 ° ° fe) ° fe) 























On 3.6.30, two, and on 10.10.30, one, sub-inoculations of this pig’s blood were 
made into clean monkeys, but the animals never became infected. 


Between October, 1930, and November, 1931, the animal was left in peace and 
attained its full growth. Daily examination of stained thick blood smears was then 
recommenced and continued until the end of March, 1932. No trypanosomes were 
seen in these films. 


On 2.6.32, the pig was fed upon by the G. palpalis of experiments 626 and 627 
which were carrying 7. rhodesiense Strain Tinde 1 (cf. above). Three flies with 
infected glands fed on the pig. 


On 8.6.32, G. palpalis of experiment 632, infected from monkey §90 (see above), 
were fed on the pig; four of the flies that bit the animal had heavy gland infections. 
Daily examination of stained thick films of the pig’s blood failed to reveal trypano- 
somes for the ensuing two months, after which examination was stopped. Three 
hundred and fifty-seven clean laboratory-bred G. palpalis were fed on the pig 
between 23.6.32 and 3.7.32 ; none became infected. 


Finally, on 27.10.32, 4 c.c. of the animal’s blood were inoculated into a clean 
monkey and no infection resulted. 
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Wi_p Pic No. 2. A quarter-grown female P. choeropatomus. 
Preliminary examination of stained thick films over a considerable 
period, and also a sub-inoculation into a clean monkey, failed to 
reveal any signs of trypanosome infection in this young animal, which 
was caught in a fly-free area. 

On 13.11.31, it was bitten by G. palpalis carrying a strain of 7. rhodestense sent to 
us some months previously by Dr. Corson from Tanganyika, This strain had been 
isolated from man on 2.7.31 by inoculation into a white rat. Daily examination 
of stained thick blood films of the pig from 16 to 21.10.31 were negative ; on 23.11.31 
the blood contained trypanosomes, also on the 24th, the 25th and on I-2,12.31. 


From 17.12.31 until 14.6.32, daily blood slides were negative. On 21.1.32 and 
4.4.32, the pig’s blood failed to infect clean monkeys. 


On 30.5.32, Pig No. 2 was bitten by 10 G. palpalis with gland infected with 
T. rhodesiense from monkey 949 (cf. above), and on 10.6.32, by 6 more flies infected 
with the same strain—16 infective flies in all. 


On 15.6.32, the pig’s blood contained polymorphic trypanosomes. 


On 17.10.32, three G. morsitans with infected glands, carrying Strain Tinde 2 
from the Ntalaganya, fed on Pig 2. 


On 31.10.32, a clean monkey was inoculated with the pig’s blood ; trypanosomes 
were first seen in the monkey’s blood on 23.11.32, and it died on the following day. 
The pig died on 23.11.32, and a second clean monkey, inoculated with the pig’s 
blood on 23.11.32, remained negative to trypanosomes and died on 16.1.33. 


Early in October, 1932, a swelling was noticed in the region of the angle of the 
jaw of this pig. The swelling proved to be due to the tubercle bacillus. 
Mr. Mettam performed the post-mortem on the pig and found a widely distributed 
and intense tubercular invasion, the bacillus being subsequently proved by Mr. 
Carmichael, Assistant Veterinary Pathologist, to be of the bovine type. The 
monkey inoculated with this pig’s blood on 23.11.32 also developed acute tubercu- 
losis, including an abscess containing tubercle bacilli at the site of the subcutaneous 
inoculation of the pig’s blood, and miliary tubercles all through the lungs, the 
mesentery and the spleen. 


Pig No. 2 thus underwent three separate infections with 
T. rhodesiense. The first infection resulted in the appearance of 
trypanosomes in the peripheral blood for a week or so, after which 
they were seen no more. The condition of the pig during this first 
infection showed nothing of note. The second infection, also 
produced by cyclically infected tsetse, occurred some 54 months 
after the first. For some time afterwards the pig showed no 
deterioration in health, and then the swelling of the glands 
commenced. The third exposure to infection took place some 4 
months later. The tubercular infection was perhaps contracted from 
the milk which the animal consumed while still young, its diet for the 
last 9 months of its life being entirely vegetarian. 
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During the last few days another wild pig of about the same age 
has developed a similar glandular enlargement strongly suggestive 
of the same cause. The two animals were in adjoining pens, though 
not in direct contact, and the second animal has never been infected 
with trypanosomes. 

The following experiments with clean laboratory-bred G. palpalis 
were performed on Pig No. 2. In December, 1931, 243 flies were 
fed on the animal: 2 developed trypanosome infections, but both 
flies died too early for a gland invasion to take place. 

In March, 1932, 410 clean flies were fed upon this pig and 2 
became infected, both dying on the 16th day of the cycle. In late 
June and early July, 1932, 287 flies failed to pick up any trypanosome 
from this pig. The animal died of acute tuberculosis. The fact 
that a clean pig of the same species a few months older has also 
developed the disease suggests that the trypanosome infection need 
not be invoked as a predisposing cause of the tuberculosis. There is 
no evidence that Pig No. 2 suffered any inconvenience from its 
trypanosome infection. As with Pig No. 1, it was found very 
difficult to infect clean G. palpalis fed upon the animal even at the 
time when trypanosomes were actually present in its blood: in this 
respect, there is a great contrast between the wild pig and the antelope 
described above. 

WILD Pic No. 4. A quarter-grown wild pig of the same species as 
Nos. 1 and 2 and also caught in a tsetse-free area. Preliminary 
examination, including blood examination over several months 
and inoculation into susceptible animals, revealed no signs of 
trypanosomes. 


On 19.6.32, was fed on by 7 gland-infected G. palpalis carrying T. rhodesiense 
Strain Tinde 3. The animal’s blood was negative to daily examination from 
18.6.32 until the end of October. 


On 29.10.32, a sub-inoculation of the pig’s blood was made into-a monkey and no 
infection resulted ; likewise on I1.1.33, on 24.1.33 and on 31.1.33, always without 
producing infection. In spite of a heavy exposure to JT. rhodestense, the animal 
apparently never became infected, although the flies that bit it had infected other 
clean animals previous to biting the pig. 

Post-mortem report by Mr. R. W. M. Mettam is as follows :— 


‘The cause of death was impaction of the small intestine by masses of round 
worm, i.e., Ascaris lumbricoides, which were present in all phases of development. 
Altogether over 200 specimens were recovered from small intestine, caecum 
and colon. ‘There was also a mild bilateral broncho-pneumonia. 


‘ All other organs were perfectly healthy.’ 











234 


WILD Pic No. 5. A dark coloured animal with fine white whiskers ; 
species undetermined. Caught in the Eastern Province, in a fly-free 
area. Blood negative to preliminary examination. 


On 24.6.32, fed upon by 3 G. palpalis whose glands were infected with 
7. rhodestense Strain Tinde 3, 


On 28 and 29.6.32, polymorphic trypanosomes were seen in the animal’s blood; 
on 18.1.33, 4 c.c. of its blood were inoculated into each of 2 clean monkeys ; 
neither monkey became infected. The pig died on 18.1.33, being chloroformed 
when in extremis. From October §th to 17th, 1932, 272 clean laboratory-bred 
G. palpalis fed on this animal but none of the flies became infected. The 
post-mortem was performed by Mr. Mettam, whose report reads as follows :— 


‘ The post-mortem showed intense jaundice of all serosa and mucosa. The liver 
however appeared perfectly normal. 


‘There was about 200 c.c. sanguineous fluid in the peritoneal cavity and a 
considerable number of soft fibrinous adhesions between the viscera. No cause 
could be found for this condition. 


‘ The animal was in good condition and showed no sign of tuberculosis. 


‘The heart and kidneys appeared normal but the spleen was distinctly swollen 
and the pulp tumescent. 


‘There was a mild haemorrhagic gastro-enteritis. 


‘The cause of death is apparently very obscure. The lesions affecting the 
intestinal canal and spleen might well be due to trypanosomiasis but it is impossible 
to explain the acute peritonitis. Possibly it was due to an injury but none could be 
found.’ 


Here again there is no evidence that the trypanosome 
contributed to the death of the animal. Apparently the infection 
was of a transitory nature, and here again the failure of the pig’s 
blood to infect clean G. palpalis is worthy of note. 

SERVAL CaT. A young adult animal in excellent condition, which 
had been kept for some months in captivity. 


On 20.10.32, was fed upon by 2 laboratory-bred G. morsitans whose glands were 
infected with 7. rhodesiense Strain Tinde 2. The flies derived their infection from 
Ntalaganya No. 1. Trypanosomes appeared in the cat’s blood on 30.10.32, and the 
animal died with keratitis and rapid wasting on 4.12.32. From November 14th to 
26th, clean laboratory-bred G. palpalis were fed on the cat. 
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The results of these experiments were as follows :— 


Serval Cat = 950 Strain: T. rhodesiense 


























| | Number dissected during | Number of 
| Day of | | the experiment Duration | flies containing | 
experi- © Number | of | flagellates Ages of the 
ees . 5 
‘Experi- Infected) ment | of flies | experi- infected flies Dates of 
ment | animal jon which alive on ment In | Ingut | dissected during | infecting feeds 
S number | dissec- | 25th day in gut | and experiment 
| tion | | Males Females} Total days only | salivary 
| began | | glands 
siessite | | 
| } | 
1096 Cat | 4 40 26 31 57 33 ?: org o | 12 | «14.11.32 
| | 
Hol » | a 20 | 23 19 42 31 2 | o 1 H7 | 16.11.32 
1102 » | § | io | 2k 12 33 oe | £1 «@ 5 | 17.11.32 
| 
1103 » | 7 | 35 | 22 22 44 28 | 
1O4 ™ 7 | 31 _ 39 Io | 49 29 eee a wm | 18.11.32 
| | | 
I10§ » | 6 | 28 | 20 7 | 3 28 on eee | 19.11.32 
| | | | 
1113 » | 9 | 4o | 2 34 55 35 oe I 21, $34 | 24, 26.11.32 
N17 » | 8 | 6 | 2% % | «58 32 2 ° 12, 21 26.11.32 
| 
| | | 
a 
Summary 
Number of infected 
| flies alive at 25th day 
Total Total | Percentage Trans- 
Date flies infected |ofinfected With missibility 
dissected _— flies =| __ flies glands Total index 
| | | infected 
November 16th to 26th, 1932 | 375 | 8 2°1 1 I 2°1 











The susceptibility of the serval cat to T. rhodesiense possesses 
some practical interest, as it and its congeners are often found in 
game country. It is hoped in the future to be able to test this 
trypanosome in the big felines whose distribution extends through all 
the game tsetse belts of Africa. 
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VII. SUMMARY 


1. Areedbuck, anntalaganya (Cephalopus caerulus melanorrheus), 
3 bushbuck, 1 oribi, 3 wild pigs (Potamochoerus choeropatomus) and 1 
of an undetermined species and a serval cat have all been infected 
with strains of T. rhodesiense recently isolated from man. 

2. Infection in every instance was caused by the bite of 
cyclically infected laboratory-bred tsetse, either G. palpalis or 
G. morsitans. 

3. The reedbuck and bushbuck and oribi showed no noteworthy 
symptoms ascribable to the trypanosome infection. The ntalaganya 
died of uncomplicated trypanosomiasis in 110 days. 

4. Clean laboratory-bred flies were infected from the reedbuck 
107 days after the original infection of the animal; from the 
bushbuck 108 days after infection ; and from the ntalaganya 87 days. 

5. The wild pig (Potamochoerus choeropatomus) is susceptible 
to infection with 7. rhodesiense but appears to be a very unsuitable 
host for the trypanosome. It is difficult to infect clean laboratory- 
bred G. palpalis from an infected pig. Another and undetermined 
species of wild pig behaved in the same manner, 

6. A serval cat proved very susceptible to T. rhodesiense and 
died of the disease after 45 days. Clean laboratory-bred tsetse were 
readily infected fron? the cat’s blood. 

This investigation is still in progress and further reports will be 
issued as indications arise. 
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In 1924, Professor Fiilleborn wrote on taxies of infective 
strongyloides and hookworm larvae; in 1930, I dealt with the 
behaviour of hookworm larvae, the paper being in effect and 
deliberately a mere suggestion of reasons for hesitating to accept 
certain of my friend’s conclusions. Professor Fiilleborn having 
again (1932) taken up the matter, it falls to me to justify my rather 
ambiguous position by exact reasoning. 

I wish first to remove some misconceptions. In his second 
paper, Fiilleborn has made evident his belief that in mine I had 
questioned the validity of observations made by himself and others. 
I know of no observations of his which I have ever doubted. Indeed, 
I give place to no one in admiration for their accuracy and for the 
generous manner in which they have been described and pictured 
for the benefit of other workers. But unfortunately there is disagree- 
ment between us as to the conclusions which can legitimately be 
drawn from the facts. Again, it is clear that while we have used the 
same terms we have not always done so with exactly the same 
meanings. In what follows, then, it is very necessary that I should 
make quite clear both my own usage and the reasons for which I have 
been driven to certain conclusions. 

Fiilleborn (1924) has quoted Przibram’s definition of a taxy as the 
movement of an animal in a definite direction under the influence of a 
directive stimulus. That is to say, the word tropism or taxy must 
express a vital act. Here is a trite illustration. To continue its 
species the seeds of an apple must of necessity reach the soil, but 
when in the ordinary course of events an apple falls to the ground, its 
actual motion through the air is due to purely physical forces ; it is 
no vital act and is no tropism, although it subserves essential 
biological ends. From this standpoint, no movement or behaviour 
of the larvae of hookworms or of other nematodes can properly be 
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attributed to the action of a taxy if it is capable of reasonable and 
simpler explanation on mere physical and mechanical grounds. 
Another point needs emphasis in connection with hookworm larvae. 
They have one kind of progressive movement only. Accordingly, in 
considering the presence of any taxy only one question arises : Does 
the stimulus in question give direction to the ordinary larval move- 
ments or does it not ? That it gives rise to no new kind of movement 
does not negative the presence of a taxy. 


I. HYDROTAXY 


I have stated (1930) that since hookworm larvae are obligatorily 
aquatic it is unreasonable to suggest that an animal already 
surrounded by water should be attracted to water elsewhere, however 
large any second body of water may be. Filleborn replies that 
infective larvae do not in fact live of necessity in water, moist earth 
being their ordinary habitat. Here is misunderstanding. When I 
wrote ‘water’ I meant quite exactly H,O in the liquid form, and 
in that connection I quoted from a paper by Florence Payne (1923), in 
which she describes her valuable observations on these larvae in their 
natural habitat, the water-film on and between soil particles. A 
microscopic quantity of liquid H,O suffices to enclose a microscopic 
animal, and moist earth abundantly fulfils these conditions. Three 
examples may be quoted to clarify this point. Looss (1911, p. 398, 
quoting Looss, 1903, p. 335) sums up the evidence that even partial 
drying of a larva, if carried beyond a certain point, causes its death ; 
complete drying is inevitably fatal. Moreover, as he _ notes, 
Leichtenstern (1887, p. 669), put aside a faecal mass for 271 days, by 
which time it had become so dry that it could be scraped with a knife, 
yet it then contained a few active infective larvae. I have myself 
(1932) produced more exactly measured evidence on this matter. 
A culture of one part of faeces and four parts of earth may be so 
crumbly and dry-looking as to seem a very improbable habitat for 
aquatic life. Yet one such culture had 8 per cent. of water in it and 
contained many very active infective larvae. The evidence, then, 
is that infective hookworm larvae die inevitably if dried, but, being 
microscopic animals, the amount of liquid H,O which they need for 
life is microscopic in quantity. Since, then, they do in fact live in 
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water, a suggestion that they have a taxy urging them to proceed 
to another body of water is unlikely to be correct, and when, as 
is explained below, it is in fact unsupported by evidence, it is 
unacceptable. 

Two matters may be brought forward against this conclusion. 
One is that larvae in the substance of agar are not in liquid H,O, 
but yet they live. Regarding this, it must be noted that it is drying 
which is fatal to larvae and that the agar plates used by Fiilleborn 
contained 97 to 98-5 per cent. of water. Quite obviously, larvae 
which lie within such agar and not in the water of condensation 
which lies on its surface are in jellied, not in liquid, H,O; and, 
equally evidently, prepared agar is not a medium which they meet in 
nature. It rests with readers to make up their minds whether this 
consideration annuls the conclusion that hookworm larvae are 
obligatorily aquatic. 

The second matter is one specifically mentioned by Fiilleborn, 
Augustine (1922) taking the same view. Regarding the facts, there is 
no question. When tufts of larvae extrude from cultures they 
disappear when the air dries, to reappear when it is moistened. 
Fiilleborn believes this to be the result of a hydrotaxy ; I hold it to 
have a purely physical causation, to be in effect a duplication of 
what may be watched on a slide. That indeed was my reason for 
deliberate mention of the simple observation which is here detailed 
again ; one in which, moreover, there seems to be control of single 
factors. When a spread-out drop of larva-containing water has been 
standing on a slide for a short time, most, probably all, active larvae 
will be found at its margins. As the drop lessens in area by evapora- 
tion, all, or perhaps only nearly all, larvae will still be within it, but 
they will be concentrated within the smaller area. They have 
been swept inwards by its contracting margin, held together as it is 
by its surface tension which the larvae have not been able to overcome. 
If the area is increased by the addition of water, the larvae shortly 
re-establish themselves at its margin. These are matters of readily 
verifiable observation. Equally a matter of verifiable observation is 
the behaviour of larval tufts on cultures which Fiilleborn re-states in 
noting that one can in fact see the tufts of strongyloides larvae 
disappear from the gauze of a culture funnel when the air dries, to 
reappear when the air is sufficiently moist (1932, p. 163), and which 
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he describes in greater detail when advising that, to obtain excellent 
tufts, the culture gauze should be sprayed with water while still in the 
warm chamber; the apparatus should then be removed to a cool 
place so that the air in it falls below the dewpoint (water, that is to 
say, will be deposited on it), and tufts will thereafter shortly appear 
(p. 177). But it will be noted that these are just the phenomena 
which, as observation of a drop of water on a slide shows, are produced 
by purely physical causes ; for, when water-vapour condenses in the 
liquid form on a culture, larvae will invade the dewdrop just as they 
do added water on a slide, will shortly reach its margin, and, if in 
sufficient numbers and having sufficient vigour, may be able to push 
it out into tufts which are held together by the surface tension of the 
film of water which encloses them. They will stretch this surface to 
the limit of their power. But as the water again evaporates its 
surface tension pushes inwards with increasing force, and the larvae, 
no longer having sufficient power to ‘tent’ it, are forced back 
resisting into the apparatus, and the tuft disappears. That is to say, 
as stated above, the alterations are those which the physical forces 
known to be at work must produce ; they do not constitute evidence 
for hydrotaxy. In other words, no evidence for hydrotaxy has 
been obtained, and in its absence the serious consideration of this 
taxy as an explanation of larval behaviour was, and still is, held by 


me to be out of place. 


II. RHEOTAXY 


liilleborn writes (1932) that Iam not entitled to offer the objection 
that the arrangements of his investigation were ill-adapted to show 
rheotaxy, the objection having been made on the grounds that, in 
using these arrangements, one could see under the microscope only 
those larvae which remained in the microscopic field—only those, 
in fact, which were swimming just as fast as the stream flowed (Lane, 
1930). Headds that, if I had repeated his experiments with sufficient 
care, I would have seen larvae swimming with the stream. I 
think the context makes it clear that I was describing my own 
experiments. In them the strength of the stream was such that 
only vigorously swimming larvae were kept in view, and that as soon 
as they ceased to do so they were carried out of sight “in a flash.” 
Nevertheless, I seem to have erred, if I did err, in the best of company, 
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since Fulleborn wrote (1924, p. 162) that if one hits on the right 
velocity of stream the larvae remain in the field of vision, their 
movements approximately balancing that of the current. The 
matter, however, is of minor importance, for I have shown (1930) 
that even motionless larvae turn and head upstream, a change which 
can be due to nothing but the action of physical forces, and one which 
is exactly what would be expected from consideration of the shape, 
and so of the presumed balance, of the larvae themselves. 
Accordingly, to call in as an explanation of the observed facts the 
unevidenced influence of a rheotaxy would be against the principles 
which have been suggested above as being the only ones which have a 
satisfactory foundation. 


III. CHEMICAL ACTIVATION 


Filleborn has suggested (1932) that the increased activity 
among larvae which I have observed on addition of serum to the 
fluid in which they lie is due to this substance causing them to 
adhere to one another or to other matter, thus restricting their 
movements ; in fact, that it is due to the bringing into play of what 
I have suggested below to be a negative thigmotaxy. Nothing 
of the kind occurred in the weak solutions which I used ; there was 
no clumping, no adhesion, no restriction of movement. My own 
suggestion (1932, pp. 65, 66) is that the question of the possible 
absorption of nutrient matter through the sheath cannot summarily 
be rejected. For one must suppose that as soon as the larval cuticle 
has separated from its body to form a sheath, that sheath is dead, 
irrespective of whether the larva within is dead or alive. Now 
Leichtenstern showed (1887, p. 671) that a larva could be kept alive 
and apparently unharmed in gastric juice for at least two days, but 
that as soon as it died it was rapidly digested within its intact 
sheath. It must then be concluded that pepsin and hydrochloric 
acid penetrate the intact sheath, so that to rule out arbitrarily the 
possibility that other substances can do the same is not reasonable. 
Hirst (1932) cites an extraordinary experience in which heavy hook- 
worm infection seems to have been caused by digging in land which 
had been trenched at least three years earlier. In discussing it, he 
points out that there is no present evidence that infective hookworm 
larvae do in fact obtain nourishment through their sheaths ; and it is, 
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of course, not questioned here that their reserve granules form a 
notable source of nourishment for larvae waiting for the chance to 
infect. But to say in face of the evidence cited that these granules 
can form their only possible source of nourishment would be in- 
consequential; while if they can so use outside matter the very 
varying life spans of different batches of infective larvae may therein 
find an explanation, and at the same time a means towards lessening 
the duration of soil infectivity may possibly be supplied to us. 


IV. GAS TAXIES 


I confess to continued scepticism regarding the validity of the 
conclusions drawn by Filleborn (1924) on taxies called out by 
oxygen, hydrogen and carbon dioxide. I have made no experiments 
of my own, so that my personal opinion may perhaps be judged to 
carry no great weight. 


V. THIGMOTAXY 


Fiilleborn (1924) describes thigmotaxy of zoology as a directing 
impulse produced by contact with stable objects. It is in this 
exact sense that I have used the term. To that definition I strictly 
adhere. I reject as misleading Pintner’s modification that for 
the calling out of thigmotaxy the stable body should have holes in it. 
In this instance, Professor Fiilleborn and I have used the same word 
with different meanings. 


POSITIVE THIGMOTAXY. 


Concerning positive thigmotaxy, the question to be answered 
is this: Does contact of the anterior face of a hookworm larva with 
an obstacle direct the ordinary movements of the larva in such a 
way that it turns towards the obstacle? I have put forward two 
considerations as giving reason for concluding that it does. The first 
is that larvae set themselves roughly at right-angles to any obstacle 
which they encounter ; the second is that, after larvae have been in an 
examination box (Lane, 1930, p. 414) for a short time, the place where 
nearly all of them will be found is not just anywhere, but precisely at 
its edges and angles. In practice it is here that, led by experience, 
one first looks for them either in a box or in a drop of water. 
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The tendency of larvae to set themselves roughly at right-angles 
to the surface against which they push is a matter of observation 
which can readily be tested in the examination box. Fiilleborn 
(1932) cannot agree that this attitude can be taken up by larvae as 
the result of a directing influence, since a larva touches an object 
with its anterior face at a very tiny point only, almost a mathematical 
one. But there can hardly be a directing of its movements unless a 
larva is actually in movement ; and, when it is so, its anterior end is 
not held still, but partakes in its general undulant motion. Moreover, 
its anterior face carries six cephalic papillae which, as Fiilleborn 
himself notes, are presumably six sense organs ; and as such they 
are, inferentially, fully adequate to give to larval movements a 
directional impulse according as the waving anterior face brings 
one or other into contact with any obstruction. The existence, then, 
of a directional impulse which sets a larva at right-angles to an 
opposing surface is primarily a matter of observation readily carried 
out, while reasoning suggests the anatomical and physiological 
means by which thigmotaxic stimulus can produce taxic movements. 
The second point is that in outstanding numbers larvae lie close to 
obstacles, just indeed where they would lie if influenced by positive 
thigmotaxy ; for, as Filleborn has noted (1924, p. 145), opposition 
to their movements is apt to activate these until they become almost 
convulsive. Thus is explicable their persistent presence at places 
where opposition is experienced—it has called out an increase of 
thigmotaxic movement. 

Certain objections now fall to be considered. The first is that 
larvae are not in fact attracted to a body full of holes such as blotting 
paper. As pointed out above, the writer does not accept Pintner’s 
views, and for these reasons. Positive thigmotaxy is viewed as 
taxic movements brought into being when the larval anterior face 
touches an object (@iyua, touch), a meaning in accordance with its 
natural derivation and with the definition for zoology quoted by 
Filleborn. When the restless anterior face of a larva has inevitably 
slipped off a partition between holes or clefts, such as is formed by a 
fibre of blotting paper, it slips into vacancy, it no longer touches 
anything, and at once ceases to be subjected to thigmotaxy, for 
naturally there cannot be a touch taxy in action when there is 
nothing to touch. But its ordinary movements inevitably carry it on 
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right through the blotting paper or like substance in its search, if 
one may figuratively put it so, for some solid resistance to push 
against. There is next the question of the side-slipping of larvae 
and their collection in angles and bays of the margin of the fluid 
which contains them. The term ‘side-slip’ I have used as a 
convenient one for a transference which appears lateral to the 
observer. Tiilleborn used it in the same sense (1932, p.164, line 1). 
As he notes, it implies dorso-ventral undulation of the larva 
(cf. Lane, 1932, p. 34). But these movements look symmetrical ; 
they have no suggestion that they will drive the larva either ventrad 
or dorsad. lather, other things being equal, will the direction of the 
slipping depend on the fortuitous average deviation from the vertical 
which the larva happens to possess at the moment of slip, together 
with the relationship between two points on the obstacle. The first 
point is a real one, namely that at which the larval head touches it ; 
the second is imaginary, namely, that at which the line of force 
resulting from the larval movements intersects the face of the 
obstacle. At all events, these repeated side-slips do in fact tend to 
carry larvae, purely mechanically, into any angle or recess in the 
opposing object. That larvae do so collect is not in dispute ; 
that their collection can be observed to occur in conditions which can 
reasonably be explained on purely physical grounds, provided 
positive thigmotaxy in its strict and accurate sense is postulated, 
seems to me equally obvious. 


NEGATIVE THIGMOTAXY. 


It is here suggested that under this heading it may be found 
reasonable to place certain larval reactions. Among them is that 
simultaneous swaying of close-set, parallel-lying larvae which 
Fiilleborn has so delightfully photographed (1932, fig. 6). The first 
published appreciation of these synchronised larval movements seems 
to have been that by F. Smith (1905), when writing of the larval 
tufts or petals described by van Durme three years earlier. His 
words are: ‘ By narrowly watching the surface of the faeces you may 
see these marvellous collections of embryos form. One embryo rears 
up and waves itself in the air; another climbs up the first one, and 
perhaps waves about from the head of its supporter ; then a third 
embryo will swarm up number one, and so on until a petal is formed. 
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All the members of a petal move in unison, and produce the curiously 
deceptive appearance of a single worm.’ * Put into other words, the 
movements of a larval tuft are made up of movements of individual 
larvae so synchronised that those parts of the various individuals in a 
tuft, which lie at the same distance from the tuft’s apex, move in the 
same direction, at the same time, and to the same degree, irrespective 
of the distance of this particular point from the head or tail of any 
individual larva in the tuft. At the same time, all larvae must have 
their dorso-ventral planes parallel, since it is only in this plane that 
movement occurs in nematodes. Exactly the same may be noted 
on the slide, as Fiilleborn’s cited figure shows. This striking 
phenomenon is, I suggest, reasonably explained by postulating in 
larvae a negative thigmotaxy to a touch on dorsal or ventral aspect— 
a retraction from contact. With larvae closely packed, such retrac- 
tion of one larva will bring its opposite surface into contact with a 
second, which, too, will shrink away at the spot touched ; and in this 
way there may be produced, when there is close packing and 
parallelism of alignment and of dorso-ventral planes, that timed 
rhythmical swaying of the whole group which is here under considera- 
tion. Convulsive writhing movements, for example those described 
by Fiilleborn (1932, p. 170) as occurring when a fibre of glass wool is 
laid across a larva, are reasonably explicable as non-rhythmic 
illustrations of the same negative thigmotaxy. 

As Fiilleborn notes in the legend to his fig. 6 (1932), the failure 
of larvae there pictured to reach the visible edge of the drop is due 
to no negative thigmotaxy, to no instinct to avoid butting their 
heads against the impenetrable, but simply to the shallowness of the 
drop. The larvae have pushed forward as far as they can go, but are 
held back from the visible edge of the drop because there is no room 
there for their heads. The space between the slide on one side, and 
the surface of the drop held together by its surface tension on the 
other, is too shallow for their entry; but the positive thigmotaxy 
called into being by the double contact, keeps them there. The same 
holds in his fig. 5 for the free edge of the drop, but not for the vaselined 
sides where the water is deeper. It holds too for his cinema strip 
(fig. 4), where the only spot at which the larva can reach the optical 
edge is where an artefact deepens the flat drop. 


* Italics not in original. 
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HYGIENIC IMPLICATIONS. 


A positive taxy to touch has, then, a definite directive effect, apart 
from the fact that touch on the larval face accentuates the normal 
larval movements. It subserves the act of infection in some such 
way as this. When the anterior larval face touches the skin, larval 
movements are accentuated and directed more or less at right-angles 
to the epidermal surface. If the surface should here be smooth and 
resistant, side-slip is likely to carry the larva hence, but as soon as 
some microscopic concavity in the skin is reached there will be less 
roving, and if the base of the depression is weak there will be penetra- 
tion. When this occurs, negative thigmotaxy, with its shrinking 
from touch on larval venter or dorsum, also stimulates movement ; 
and progress is continued until a capillary vessel, blood or lymphatic, 
is reached, and the larval movements force it along the line of least 
resistance so that it boards the particular escalator, blood or 
lymphatic, which it has chanced to strike. 


VI. THERMOTAXY 


In my former paper, I sharply differentiated activation of larvae 
by heat from thermotaxy, first described by Khalil. Of the reality 
of the well-substantiated but fleeting activation of larvae by an 
increase in the surrounding temperature there will be no dispute. 
Regarding a directive stimulus by temperature, after discussion of the 
facts I wrote thus (1930): ‘ This consideration implies that, could 
there be produced mechanical larvae provided with quite erratic 
movements which increased in energy as the temperature rose to a 
certain point, and then ceased abruptly as it passed that point, 
there would, it seems, be produced just such a distribution and 
behaviour as that described by Fiilleborn.’ This sentence which 
summed up my attitude has not been mentioned by Fiilleborn (1932), 
but it is an essential one; and further consideration shows that it 
raises this radical question : If a robot can be made which will copy 
vital actions, does it prove that the vital actions themselves are not 
instinctive—not due toa taxy? Put thus, the answer must be that 
it proves no such thing; the suggestion cannot be upheld. Now 
reasons have been given above for concluding that the hookworm 
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larva possesses at its anterior end a sensory mechanism capable of 
stimulation by touch and thereby of inducing a true positive 
thigmotaxy. If this mechanism is also capable of receiving and trans- 
forming thermal impulses, it would supply the basis for positive 
thermotaxy. The matter must then be re-opened. 

Just as in the effects of thigmotaxy, so in regard to the effects of 
heat, the larval movements observed are merely the ordinary 
movements activated by the stimulus. But are they directed by it ? 
Both Fiilleborn (1924, p. 158) and I (1930, p. 415), are agreed in the 
belief that very disturbing currents are set up by the local heating of 
water. Accordingly he asks why I did not repeat his agar experi- 
ments. They were in my programme, but illness broke off my work, 
and hitherto I have not found it possible to return to it. I had 
been the more anxious to test the point in that, at Fiilleborn’s 
demonstration at the London School of Hygiene and Tropical 
Medicine, in the spring of 1929, any interest by larvae in a hot point 
appeared to be absent. Further, it seems noteworthy that attraction 
of larvae to the cut edge of an agar plate, which Filleborn (1932, 
p. 175) attributes to thermotaxy, only occasionally succeeds. On the 
other hand, it is obvious from his photographs (1932, figs. 10 and 11) 
that heat must be accepted as at times producing a directive influence 
on the normal movements of strongyloides and ancylostoma larvae 
which are on orinagar. Accordingly, their movement in water must 
also be influenced by it, and not merely by convection currents set up 
by heat; so that experiments which employ water are evidential 
here if used with discernment. One asks then: How powerful in 
general is the action of thermotaxy on infective nematode larvae, 
and what is its real significance for skin penetration? With 
Monodontus trigonocephalus, positive thermotaxy was invariably 
observed by Cameron (1923), although Hesse (1923) has noted exactly 
the opposite. Cameron concluded that Hesse’s identification was 
erroneous—that he had not used the larvae which he thought he had. 
The alternative conclusion is not mentioned, namely, that thermotaxy 
cannot invariably be elicited among different batches of these larvae, 
a conclusion which at least falls in with the experience of Fiilleborn, 
just noted, when dealing with strongyloides larvae. Schwartz 
(1924) used infective larvae of Bustomum phlebotomum and produced 
thermotaxy, but he expressly noted that when thigmotaxy had 
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already been induced in these larvae by their contact with the 
surface layer at the edge of a drop of water, the stimulus of heat 
merely accentuated their thigmotaxic movements and produced no 
thermotaxy. The larvae remained pushing vigorously against the 
edge of the drop of water and were not attracted to the hot point. 
Thigmotaxy proved stronger than thermotaxy. These facts indicate 
that, in general, touch is the essential directing impulse for nematode 
larvae during the act of infection, heat being of great stimulative but 
of subordinative directive account. This conclusion is strengthened 
by the fact, to which Cameron (1923) first drew attention, that the 
presence of positive thermotaxy in a larva is no indication that it 
infects by penetration of the skin, a circumstance which has been 
shown to apply at least to Monodontus trigonocephalus (Cameron, in 
1923), Bustomum phlebotomum (Schwartz, in 1924), Thriconema spp. 
[sic.] (Baudet, in 1925, as quoted by Monnig, in 1930), Tricho- 
strongylus sp. (Ménnig, in 1930), and Obeliscoides cuniculi (Alicata, in 
1932). Larvae which show positive thermotaxy may then abstain 
from using it to enter their hosts. It appears to be a useless function 
in them, so that it seems unlikely to be of much importance in the 
act of infection by those larvae which use the skin route for that 
purpose. Passing to the particular, the evidence seems to point to 
thermotaxy as being present in hookworm larvae, as constituting a 
less effective directing impulse than thigmotaxy, and as thus being 
of less importance than thigmotaxy in the act of infection. 


ABSTRACT AND CONCLUSIONS 


Certain misconceptions having been cleared up, and it having 
been postulated that a taxy must express a vital act, it is concluded 
that hookworm larvae being obligatorily aquatic (a microscopic 
quantity of water in the liquid form sufficing for a microscopic 
animal), it is out of place to accept without clear evidence the 
presence of a hydrotaxy ; and it is pointed out that the evidence 
cited to that effect is not valid, the observed phenomena being 
adequately explicable as the result of purely physical forces. The 
same holds for the suggested rheotaxy. The evidence for the 
presence of gas taxies has failed to convince the writer. It is believed 
that chemical activation is real, and that it is unwise to reject 
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summarily certain phenomena which, it is suggested, are possible 
indications that nourishment may reach a larva through its intact 
sheath and so may prolong its life. The taxy, which is held to be 
essential for the preservation of the individual and species by larval 
penetration of the skin of a host, is positive thigmotaxy; it is 
strictly defined as that induced by touch (@iyya, touch) on the 
anterior larval face. It is suggested that a negative thigmotaxy, 
induced by touch on the larval body, adequately explains the 
phenomenon familiar in the waving larval tuft. The evidence for the 
presence of thermotaxy is believed to be good, the writer’s previous 
mechanical interpretation failing to convince when pushed to its 
logical conclusion. In general, however, this taxy is erratic inaction, 
is less potent than the thigmotaxy, and is seemingly useless in 
the life history of certain larval species which possess it but 
nevertheless abstain from using it for skin penetration. By all the 
evidence marshalled, thigmotaxy in its exact sense is the directive 
impulse essential for the penetration by hookworm larvae of man’s 
skin, and so for the survival of individual larvae and of the species 
to which they belong. 
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INTRODUCTION 


Yorke, Adams and Murgatroyd (1930), from the comparative 
study of their six-year-old strain of T. rhodestense and their one-year- 
old strain, ‘ Sherifuri K,’ came to the conclusion that their old strain 
of 7. rhodesiense had lost its resistance to human serum, as 
trypanosomes were no longer visible im vitro within two hours 
(although they did not establish the fact of all trypanosomes being 
killed, by sub-inoculating into rats); while their ‘Sherifuri K’ strain, 
which they also thought to be T. rhodesiense, they considered to be on 
the way to becoming serum-sensitive, after one year’s passage through 
five guinea-pigs. From this they concluded that T. rhodestense 
would lose its serum resistance within two years of its being isolated 
from man, become incapable of infecting man, and so be changed in 
fact to T. brucet. 

Corson (1932) proved that a strain of T. rhodesiense, maintained 
by direct inoculation in goats and sheep for 19 months, was still 
infective for man, as shown by personal inoculation, and was still 
transmissible by fly. Tested 72m vivo 3, 6 and 16 months after 
isolation, the strain was somewhat more susceptible to human serum 
than on first isolation ; while, 17 months after isolation, Adams had 
found that normal human serum, 7” vitro, killed the trypanosomes 
in6 hours. A strain of T. brucei, however, which had been isolated 


four and a half years previously, though still transmissible by tsetse- 
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flies, was non-infective to two Europeans. In a subsequent paper 
(1933), he showed that a Natal strain of T. brucei, isolated only one 
month previously, was also non-infective to four Europeans. 

In a recent publication (Fairbairn, 1933), it was shown that the 
majority of 64 strains of T. rhodestense, in the Ist rat passage from 
man, were resistant to human serum, when tested 7 vitro following 
the technique of Yorke, Adams and Murgatroyd (1930). Seventeen 
of these strains were sub-inoculated into rats, and the resistance to 
human serum was examined at each rat passage, for a variable 
number of passages, when it was found that the resistance was 
extremely variable, often disappearing by the 2nd passage to 
re-appear at subsequent passages. 


THE EXPERIMENT 


One particular strain, No. 26, having apparently become 
completely sensitive to the author’s serum (‘ H.F.’), it was decided 
to test its infectivity for man. 

The strain was isolated on the 21.2.32 from a Kibondo native, 
aet. 30 years, who gave a history of one month’s illness. Table I 
shows in detail the resistance of this strain to a single serum. 

It will be seen that trypanosomes were only once visible under 
the microscope at 8 hours (at the 3rd rat passage), and were seldom 
visible beyond 2 hours, while the rats sub-inoculated at the end of 
24 hours’ incubation only became infected at the Ist, 3rd, 5th and 
8th rat passages. (In this connection the Ist rat passage is of 
particular interest.) The strain appeared to have lost its serum- 
resistance from the goth rat passage onwards (i.e., 176 days after 
isolation). 

At the roth rat passage, when it had then been isolated 345 days, 
its serum-resistance was tested against 4 tubes of the author’s serum. 
Immediately after the tubes had been put up, I c.c. of the Ringer- 
glucose-trypanosome mixture was inoculated subcutaneously into a 
rat, and 1 c.c. into the author’s arm. 

The rat became infected, with an incubation period of 4 days, 
and died in 15 days; while the author also became infected, fever 
starting at mid-day on the 7th day, and the blood being positive 
on the 8th day. 
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The demonstration of the loss by the strain of its serum-resistance 
is not quite conclusive, as one of the four tubes still contained enough 
living trypanosomes to infect a rat at the end of 24 hours; but 
according to the 7” vitro results one would have expected the strain 
to have become comparatively avirulent. That this was not so 
will be seen from a study of the clinical notes. 

On the day that trypanosomes first became visible in the author’s 
blood, ten rats were inoculated. Seven of these had incubation 
periods of 4 days, the other three of 5 days; eight of the rats died 
within periods of 17 to25 days. Two guinea-pigs were also inoculated 
and showed incubation periods of 9 and 10 days, one of them dying 
in 56 days. 

The 2oth rat of the original strain (which corresponded to the 
human passage) having died before it could be examined, the 21st rat 
passage was examined together with the strain, in the Ist rat 
passage, recovered from the human. The result is shown in Table II. 

It is of interest to compare the effect of serum on the trypanosome 
in rat No. 26/HF/1, with that of the original strain, also in the rst 
rat passage from man. In both it will be seen that, in the case of one 
serum, no trypanosomes were visible after one hour, and yet the rat 
sub-inoculated at 24 hours became infected. 

Rats Nos. 26/HF/1 and 26/HF/2 showed the same incubation 
period and were tested on the same day against the same serum, 
under identical conditions. The fact that the trypanosomes from 
the two rats showed such completely different re-actions to human 
serum, shows that the rats’ tissues had a considerable influence on 
the inoculated trypanosome. In fact, it would appear that the 
trypanosomes in any strain of T. rhodesiense are not homogeneous, 
and that the number of serum-sensitive variants which arise in 
inoculated rats depends upon the hosts’ tissues. 


THE INFECTION IN MAN 


On the 31.13.33, I c.c. of a Ringer-glucose-trypanosome mixture 
was inoculated subcutaneously in the left upper arm. For the next 
four days there was an occasional feeling of tension at the inoculation 
site on moving the arm, and if the skin were picked up between the 
finger and thumb it was slightly tender at one spot, but no lump 
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was felt. By the fifth day, all feeling of tension had gone, the skin 
was not tender, and by the evening no trace of the inoculation was 
left. 

On the evening of the sixth day, there was accidentally discovered 
a lump about the size of an almond, projecting about } in. above the 
surface of the skin and covered with a faint violet tinge over an area 
about the size of a threepenny piece. The lump was not tender. 

By the morning of the seventh day, the lump was larger and its 
borders more diffuse (it was now about 2 in. by I in.), very tender, 
the centre being a salmon-coloured patch (about the size of a sixpence) 
surrounded by a lilac areola } in. wide. There was an enlarged and 
tender gland in the axilla. At 10a.m. the centre of the swelling was 
scarified, and the exudate was examined fresh for trypanosomes, but 
none were seen. By noon the temperature was 100-2°F., at 
12.30 p.m. there was a rigor, and by 8 p.m. the temperature was 
102:2° F. 

Trypanosomes were first found in the blood on the afternoon of 
the eighth day, the experimental animals were inoculated, and an 
injection of ‘ Bayer 205’ was given at 5 p.m. 


The subsequent course of the disease may be summarized 
as follows :— 


8.2.33. 7 Oa.m. ‘Temperature 102°. 


g oam. Blood negative. (This, and all subsequent examinations, 
were of stained thick films). 


*3 op.m. ‘Temperature 103:2°. Blood positive—4 trypanosomes 
per 100 fields. 


5 oOp.m. Photograph of injection site—Fig. 1. 10 rats and 2 guinea- 
pigs inoculated ‘ Bayer 205,’ I gramme, intravenously— 
immediate vomiting. 


9.2.33. 8 oa.m. Blood positive—averaging about I in Io fields, mostly 
degenerated and little more than nucleus, blepharoplast 
and flagellum. 

Urine very faint trace of albumen. 
Dull headache, mostly occipital ; general pains and stiffness. 


I1 40a.m. Blood positive—about 1 to 6 or 7 fields, most of the 
trypanosomes degenerated but some well formed. 


4 Op.m. Temperature 102-7°. Photograph of injection site showing 
fully developed reaction—Fig. 2. 





* For the early injections and the repeated blood examinations up to the 12.2.33, as well as 


for the photographs, I have to thank Dr. J. F. Corson, of the Trypanosomiasis Laboratory, Tinde, 
who attended me. 





258 


& apes6yu27 & ampnvoduey 5 & 


2 


Cee eee eee © See we ee wee ee eee 


elt 


© 
“ 
+ 


Muweweewerk weeewee ry eee eee re! Veeeeewe re 











ssl 





Bwia 


3SVISIO 40 Ava 
iva 

















259 


10.2.33. 8 oa.m. Blood positive—scarce degenerated trypanosomes and 
numerous nuclear remains; no well-formed trypano- 
somes seen. 

Urine, definite cloud of albumen. 
10 45a.m. ‘Temperature 102-:2°. Blood positive—1 trypanosome seen 
in 10 minutes. No malaria parasites. 
12 45 p.m. ‘Temperature 102:2°. 
‘Bayer 205,’ I gramme, intravenously—no reaction. 
11.2.33. 7 Oa.m. Urine, distinct cloud of albumen, slightly less than yesterday. 
4 Op.m. Temperature 9g:8°. 
Blood negative for trypanosomes and malaria. Insomnia 
at night and for two subsequent ones. 

15.2.33. Blood negative. 

‘ Bayer 205,’ I gramme, intravenously—no reaction. 

17.2.33. Urine, very faint cloud of albumen. 


From the 16th to the 19th, there was a persistent afternoon temperature 


of between 99° and 99°4°. A gland in the left axilla was swollen and tender, 
and a lump was still present at the site of the inoculation. 


20.2.33. 


2.2.93. 


37.4.3. 


28.2.33. 
6.3.33. 


7-3-33- 


8 Oa.m. 
I Oo p-m. 


3 Op.m. 
5 30 p.m. 
Q Op.m. 
7 15 a.m. 
8 Oa.m. 


4 Op.m. 


Temperature 98-2°. 

Temperature 97:8°. Blood negative. 
Urine, no albumen. 

‘ Bayer 205,’ I gramme, intravenously. 
Rigor. 

Temperature 103°8°. 

Temperature 104°. 


Temperature 100°6°. 

Blood, very scanty malaria parasites. 

Urine, slight albumen. 

Temperature 100°. Slight itchiness of skin of forehead 
and jaws began. 


Blood negative. 
Urine, very faint trace of albumen. 
‘ Bayer 205,’ I gramme, intravenously—no reaction. 


Urine, very faint cloud of albumen. 


Blood negative. 
Urine, no albumen. 
‘ Bayer 205,’ I gramme, intravenously—no reaction. 


Urine, no albumen. 


Treatment was not interrupted, in spite of the presence of albumen 
in the urine, and further injections of ‘ Bayer 205’ did not appear to 
aggravate the kidney condition. This is in line with what we have 
found in the routine treatment of large numbers of natives. 

On the afternoon of the 21st (i.e., the day after the 4th injection 


of ‘ Bayer 205’), there developed an itchy condition of the face and 
forehead. On the succeeding days, this itchiness spread to the chest, 
abdomen, back and head, without there being any obvious rash to 
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account for it. Presumably it was due to the ‘Bayer 205.’ This 
skin condition did not subside until March Ist, i.e., it lasted 8 days. 
The 5th injection of ‘ Bayer 205’ on the 27th did not aggravate the 
condition. Dr. Corson informs me that an itchy papular rash 
developed in one of his [koma cases : this woman had had 6 grammes 
of ‘ Bayer 205’ in 28 days, and the rash appeared 3 days after the last 
injection and lasted 17 days. A somewhat different skin condition, 
following ‘ Bayer 205,’ has been described by Maclean (1928). 

The lump at the injection site did not disappear until the 27th, 
and the axillary gland, though still palpable, was no longer tender 
on that date. 

The first photograph shows the condition at the inoculation 
site on the 8.2.33, while the second photograph, taken on the 10.2.33, 
shows the fully developed reaction. The central dark-red spot was 
surmounted by a number of very small vesicles; and, following 
the disappearance of this reaction under treatment, there was a 
very slight scaly desquamation. 

It will be seen from the clinical history that the infection was 
anything but mild, and was not what one would expect from a study 
of the 7m vitro results. 


DISCUSSION 


In the paper by Yorke, Adams and Murgatroyd (1930), they 
remark: ‘It seems to us incredible that our laboratory strain of 
T. rhodestense which, as we have shown, is killed by normal human 
serum, or plasma, i” vitro at 37° C. within a few hours, . . . could 
infect man’; and later: ‘The pronounced sensitiveness to normal 
human serum of T.rhodestensewhich has sojourned forsome time. . . 
in vertebrate hosts other than man, provides almost overwhelming 
evidence that normal human beings cannot become infected with 
such strains.” In the light of the present experiment both these 
assumptions appear unfounded. 

Yorke and his co-workers, in their work, did not sub-inoculate 
rats with the serum-trypanosome mixture at the end of 24 hours’ 
incubation, and so do not know if their strains had really been killed 
by the serum. And, as this experiment has shown, even the fact 
of the sub-inoculated rats not becoming infected over many passages 
is no guarantee that the strain is non-infective to man. 
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Since the discovery of ‘Bayer 205,’ and its proved efficacy in 
early infections, experiments on man have lost their danger; and 
it appears desirable that the infectivity for man of the old strains of 
T. rhodestense in European laboratories should now be tested by direct 

human inoculation, as only thus can it be proved whether they are 

| infective or not. 

Their statement ‘ of the striking relative immunity of man . . . to 
all members of the genus TRYPANOSOMA, except T. gambiense,’ also 
requires comment. During eight years’ work on sleeping sickness 
in all the infected areas of Tanganyika both epidemic and endemic, 
the author has been bitten many times by both G. morsitans and 
G. swynnerton ; his serum 7 vitro has been shown to be of average 
trypanocidal power, and yet he became infected immediately he was 
inoculated with T. rhodesiense—and with a strain, at that, which 
had not been in contact with human serum for nearly a year, and 
which appeared to have become sensitive to his serum, when tested 
in vitro. 

At the height of the Kahama epidemic, in March and April, 1929, 
1,373 salivary glands of G. morsitans were examined, using the 
technique of Lloyd and Johnson (1924), and 2 glands were found 
infected, giving an infectivity rate of 1-4 per thousand. In March 
and April, 1931, the same area was revisited, 18 months after the 
population had been completely evacuated, and in 2,189 salivary 
glands examined 2 were found infected, giving an infectivity rate 
of o-g per thousand. The main food supply of G. morsttans, as shown 
by Johnson and Lloyd (1923), is antelope blood, and the usual 
trypanosome met in the salivary glands will be T. brucei: the 
difference between the 1929 and 1931 figures has no statistical 
significance, but they give an indication of how low the infectivity 
rate of G. morsitans with T. rhodestense must have been, which in 
itself is enough to explain the sporadic character of the disease, 
where the population is only in intermittent contact with the fly. 
But the results in Kahama District, where there were 3,069 
microscopically proved cases during 1928 and 1929 (including 
3 Europeans who were living in the area), and in Kibondo District, 
where there were 1,142 cases during 1932, shows that man has no 
great resistance to the disease, provided that the contact with tsetse- 
fly is close enough. 
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With reference to the point of whether man’s immunity or 
susceptibility to infection is bound up solely with the trypanolytic 
power of his serum, the following observations are of interest :— 

I. Mesnil and Leboeuf (1912) showed that a baboon’s serum 
had no action on 7. gambiense in vivo, and yet the baboon was unable 
to be infected. 

2. Regendanz (1932), by injecting T. gambiense into the cerebro- 
spinal fluid of a baboon, has produced a chronic infection of its 
nervous system, without producing a blood infection. 

From the above it would appear that the baboon’s whole-blood 
has a trypanocidal action on T. gambiense which is lacking in its serum 
and its cerebro-spinal fluid. 

3. Mesnil and Leboeuf (1912) made a strain of T. brucez in mice 
resistant to 2 c.c. of baboon serum, and yet were unable to infect the 
baboon with this strain. They concluded that the properties of a 
serum form only a small part of the natural means of defence of the 
animal which furnishes the serum. 

4. Collier (1924) made a strain of T. brucet in mice resistant to 
2:5 c.c. of human serum, but he himself and four other people were 
not infected when subsequently inoculated with the strain. He 
considered that the pathogenicity of trypanosomes has nothing to 
do with the degree of resistance to the serum of the species of animal 
concerned. 

5. Corson (1933) found that the serum of resistant rats and 
guinea-pigs had no trypanocidal action 7m vitro on T. brucet. 

On the other hand there are :— 

6. The fact that Corson was infected with a strain of 
T. rhodesiense, which both in vivo and in vitro had been shown to be 
susceptible to human serum. 

7. And the present experiment. 

From the above it would thus appear that unshed human and 
baboon blood has a different trypanocidal action from that of serum, 
and that tests of the trypanocidal action of seva are not necessarily 
indicative of what may take place in the human or animal body. 

If one’s whole defence were dependent upon the trypanolytic 
action of serum, it is extraordinary that T. gambiense, which is 
completely resistant to human serum, should only produce a chronic 
infection in man, while 7. rhodesiense, which is comparatively 
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susceptible to human serum (even on first isolation), should produce 
an acute, rapidly fatal disease. There must be some other factor, 
or lack of one, in unshed blood, which produces these results. 


SUMMARY 


A strain of T. rhodesiense, isolated from man 345 days previously 
and maintained in rats by direct inoculation, had become very 
susceptible 7m vitvo to normal human serum from the oth rat passage 
onwards, i.e., 176 days after isolation. This strain was nevertheless 
still infective for man, as proved by human inoculation, at the 1gth 
rat passage. 

It is apparent that the im vitro technique used is not able to 
indicate whether a strain has lost its infectivity for man or not. 

Man is not really immune to T. rhodestense, given the necessary 
contact with infected tsetse-fly. 

From a study of the literature, it is suggested that the 
trypanolytic power of serum, or the lack of it, is no indication of the 
power of the body to deal with trypanosomes. 
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EXPLANATION OF PLATE I 


Vig. 1. 8.2.33, the eighth day after the inoculation of trypanosomes, 
showing the skin reaction the day the blood first showed 
trypanosomes, and just before the first injection of 
‘Bayer 205.’ 


Fig. 2. 9.2.33, the ninth day, showing the fully developed reaction. 


(Photographs by Dr. J. F. Corson.) 
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ANOPHELES DEMEILLONI sp.n., 
A NEW NAME FOR 
ANOPHELES TRANSVAALENSIS 
OF AUTHORS 


BY 


A. M. EVANS 


(Department of Entomology, Liverpool School of Tropical Medicine) 


(Received for publication 11 May, 1933) 


Recently, when reading Carter’s (1910) description of A. trans- 
vaalensis, it was noticed that both the text and the illustration of 
the wing clearly indicated the presence of a small pale interruption 
in the third dark area on the first vein. As the absence of such 
a spot* is a constant character of the species commonly known as 
A. transvaalensis, I mentioned the point to Dr. F. W. Edwards, 
who kindly examined the type that is in the British Museum and 
informed me that such an interruption is present in the wings of 
the type, and, moreover, that the illustration given was evidently 
made from Carter’s other specimen. Later, Dr. Edwards showed 
me the type, and we both agreed that the banding of the palps 
did not differ from the condition sometimes seen in specimens 
of marshalli, the distal dark band being only slightly longer than 
the subapical pale band. The hind tarsi showed distinct whitish 
apical banding as broad and distinct as in marshalli. There are very 
few other characters that are of significance in deciding what Carter’s 
type is. The markings of the wing field vary considerably in both 
marshalli and the species known as ‘transvaalensis’; the wings 
of Carter’s specimens are, however, somewhat paler than is usually 
the case in Transvaal specimens of the latter species, and in this 
respect would agree with some South African specimens of marshall. 


* It seems to be a fact that when this spot is normally absent in a species it is invariably absent. 
To be quite certain on this point, however, I asked Dr. De Meillon whether he had ever seen 
a ‘ transvaalensis’ in which it was present, and he informed me that the spot is always absent in 
S. African specimens. Mr. Gibbins had also found it constantly absent in specimens bred from 
larvae in Uganda. 
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It thus appears that Carter’s specimens do not differ from known 
specimens of A. marshalli, but that, in possessing the pale inter- 
ruption in the third dark area on the first vein, they definitely 
differ from the species hitherto referred to as tvansvaalensis. That 
marshallt is an entirely distinct species from ‘ transvaalensis’ of 
authors has been demonstrated by De Meillon (1931) who showed 
that, on the character of the larval pleural bristles, the two species 
fall into different groups, the former being a typical member of the 
Myzomyia group, the latter having the character of the sergenti 
sub-group. Recently, Symes has found that the larva of the form 
which I described as A. marshalli var. keniensis is of this latter 
type and is very similar indeed to that known as transvaalensis. 
It is obvious, therefore, that, in spite of its marshalli-like palps, 
keniensis is more closely related to ‘ transvaalensis’ of authors, 
which it further resembles in lacking the pale interruption in the 
third dark area of the first vein. Consequently, Anopheles keniensis 
must now be regarded as a distinct species. 

A. transvaalensts Carter must, therefore, be placed as a synonym 
of A. marshalli and a new name be given to the species usually 


identified as A. transvaalensis. This species is here named in 
honour of Dr. B. De Meillon. 


ANOPHELES (MYZOMYIA) DEMEILLONI sp.n., type form 


This is the species mainly or entirely indicated as Anopheles 
transvaalensis by the following authors :—Edwards, Bull. Ent. Res., 
Vol. 3, p. 244 (1912); Christophers, Prov. List and Ref. Cat. of 
Anoph., p. 94 (1924); Evans, Anoph. Trop. S. Afr., p. 33 (1927) ; 
Symes, Kenya and E. Afr. Med. Jl., Vol. 7 (1927); Symes, Rec. 
Med. Res. Kenya (1932) ; De Meillon, Ann. Trop. Med. & Parasitol., 
Vol. 27, p. 83 (1933). 

An account of the species is to be given in the forthcoming 
monograph on African mosquitoes, in which the writer is collaborating 
with Dr. Edwards and Mr. Hopkins, and certain distinguishing 
characters in the female, larva and pupa will be dealt with in a forth- 
coming paper in this journal written in collaboration with Dr. De 
Meillon. It is, therefore, unnecessary to give more than a brief 
diagnosis of the species here. 
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FEMALE (fig. 1). Medium sized, with the characters of the 
Myzomyia group. 

Head. Pale scales white, occasionally creamy white; those 
next to dark scales sometimes slightly ochraceous. Palpi with three 
pale bands, a very narrow one at the apex of the second segment ; 
a broader one of variable length occupying the tip of the third and 
base of the fourth segments and a broad apical band including the 
whole of the last and tip of the fourth segments ; intervening dark 
band longer than subapical pale band, usually at least one and a half 
times and often three times its length or more. Palpal index 
about 0-4. 














Fic. 1. Anopheles demeilloni sp.n. A and B.—Wings showing variation in markings, B more 
diagrammatic and to smaller scale than A. C Q palpand D.—Outer half of palp showing variation. 
E.—Hind leg. F.—Hind tarsi of specimen showing indications of apical banding. 


Pharyngeal armature. The sttucture conforms to that of 
Barraud and Covell’s Class D, which includes the species of the 
Myzomyia group. The rods are of the type with broad bulbous 
bases, and the filaments of both rods and cones project at a consider- 
able angle to the main plane of the pharynx. 

Thorax. Mesonotum sparsely clothed with scales which are 
white or greyish white, at least anteriorly. Scales almost always 
of the very narrow curved type, often hair-like on posterior half. 
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Abdomen without scales. 

Legs (fig. 1, E and F). Tibial knee spots distinct. Fore and 
mid-tarsi sometimes with narrow but fairly distinct apical pale 
rings on first two or three segments. Hind tarsi usually entirely 
dark but, as noted by De Meillon (1931), sometimes with very 
narrow, indistinct apical rings on first two to four segments. 

Wings (fig. 1, Aand B). Four main pale costal spots usually 
well developed but small; base of costa with one or two pale 
interruptions or entirely dark. First vein without pale interruption 
in third dark area; accessory sector spot present. Third vein 
usually mainly pale but dark areas sometimes extensive and pale area 
occasionally less than half the length of the vein. Second and 
fourth veins predominantly dark, branches with or without a pale 
spot in addition to those at fork and apex. Upper branch of fifth 
vein very variable, stem and lower branch largely pale with dark 
spot constantly present at the fork. Sixth vein commonly with 
outer half or more entirely dark, but sometimes with a pale spot. 
Fringe spot at apex of sixth vein present or absent. 

Wing length. Usually about 3-6-4-2 mm., sometimes longer in 
East African specimens. 

MALE. Palps. Club with three pale spots present but sometimes 
greatly reduced. 

Terminalia. The following specific characters may be noted :— 
Harpagones with one outer and one or two inner accessory hairs 
which are usually more than half the length of the apical hair. 
Phallosome with about five to eight pairs of leaflets. 

SouTH AFRICA :—Tzaneen, Transvaal, 4.11.1932, Dr. B. De 
Meillon, Type ¢ and @ (crevices), paratypes, 5 92; Zululand ; 
Southern Rhodesia. 

East AFRICA :—Nyasaland; Kenya; Uganda. BELGIAN 
Conoco :—(Luofu, L. Edward, Br. J. Schwetz). 

Types presented to the British Museum. 

Variation. Specimens from East Africa differ from South 
African material as follows. Size more variable, specimens 
occasionally attaining a wing length of about 4-6 mm. (South 
African specimens of the type form are not known to exceed about 
4:2 mm.). Basal portion of costa usually entirely dark and very 
rarely with more than one pale interruption. Fourth vein very 
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commonly as in fig. 1, B, especially in certain localities, including 
Nairobi. 

As pointed out by Mr. Gibbins, in one otherwise normal female 
among a series of this species bred out from isolated larvae which 
he collected at Fort Portal, Uganda, the distal pale palpal bands 
were very broad. The intervening dark band was only just equal 
to the subapical, and shorter than the apical, pale band, the palps 
thus resembling those of some specimens of the type form of marshall. 
A distinct South African variety of this species will be described in 
the forthcoming paper in collaboration with Dr. De Meillon. 
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In conclusion, I must express my regret at the necessity for 
renaming a species which has been known for so long as A. trans- 
vaalensis. It is greatly to be hoped that the suggestion put forward 
by Balfour-Brown (1933) may lead to the establishment of an 
effective means of conserving such a generally accepted name, and that 
in future this course will be adopted by the leading systematists, at 
least in the case of species which are of any general, economic or 
medical interest. 
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BY 


' A. M. EVANS, D.Sc., F.R.E.S. 
(Department of Entomology, Liverpool School of Tropical Medicine) 


AND 


BOTHA DE MEILLON, D.Sc., F.R.E.S. 
(South African Institute for Medical Research, Johannesburg) 


(Received for publication 11 May, 1933) 


In a previous paper in this journal, Evans has redescribed under 
the name Anopheles demeilloni the species mainly or entirely referred 
to as A. transvaalensis by almost all earlier writers dealing with 
South and East African anophelines. A. t¢vansvaalensis Carter (1910) 
was shown to be a synonym of A. marshalli Theobald. 

It has recently been found that four different anophelines have 
up to the present been included under demezilloni in South Africa. 
They are as follows :— 

1. A. demetllom Evans, type form. 

2. A. demetlloni var. cartert var. nov. 
3. A. garnhami Edwards, type form. 
4. A. garnhami var. walshi var. nov. 

A comparison between the characters of the adult, larval and 
pupal stages of these forms has been made, and it is found that they 
may be distinguished as follows :— 


A. DEMEILLONI Evans, type form 


A. transvaalensis (in part, at least) of former authors, 
except Carter (1910). 


The following definition applies mainly to South African 
specimens. 
FEMALE. A medium-sized mosquito; wing length normally 


about 3°6 to 4-2 mm.; average about 3°8 (fig. I, B). 
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Palps with 3 pale bands ; no tendency to form 4 bands. 

Mesonotal scales. Scaled area of mesonotum sparsely clothed 
with pointed scales (fig. 2, A-c), which are typically very narrow; 
breadth index about 18, and often hair-like (fig. 2, D) especially on 
posterior half. Exceptionally, the scales are distinctly wider 
(fig. 2, E-F), breadth index 8-13. Scales white or greyish-white, 
at least anteriorly. 

















“7 MILLIMETER AE. 


Fic. 1. Wings, diagrammatic. A.—A. demeilloni var. cartert. B.—A. demeillont type form. 
C.—A. garnhami var. walshi. D.—A. garnhami type form; SC.—subcostal pale spot on costa. 


Wing (fig. 1, B). Costa always with at least 1 basal pale spot, 
usually there are 2 such spots (spots commonly absent in East 
African specimens). Branches of second vein either with or without 
pale spots; both sometimes entirely dark in the same specimen. 
Fifth vein with a dark spot on the lower branch at the fork ; this 
extends along the upper branch as a larger spot. Sixth vein usually 
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Fic. 2. Mesonotal scales. 
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A. demeilloni type form :—A.-D.—typical ; E. and F.—abnormally 
broad ; 4. demeilloni var. cartert :—G, H. and I.; A. garnhami type form :—J.—from S. African 


female; K.-N.—from East African females ; 4. garnhamt var. walsht :—O.-S. Drawn by the authors. 





Fic. 3. Pharyngeal armature. A.—A. demeilloni type form, rods indicated by dotted lines, 
filaments shown only on four cones at left. B.—two rods of same. C.—A. garnbami var. walsht, 


filaments of all cones and rods shown. 4.—hairs and sp.—spicules of pharyngeal ridges. Drawn 
by the authors. 
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with outer half all dark, but this dark area sometimes interrupted 
by a pale spot. 

Pharynx (fig. 3 A, B). With 14+ 2 pairs of rods and cones. 
Cones stout and appearing short when pharynx mounted dorso- 
ventrally. Pharyngeal ridges with rows of fine short microtrichia 
as in most other Myzomza (Barraud and Covell, 1928). 

MALE. Hypopygium (fig. 4, A-C). Harpago with club of normal 
shape; outer and I or more inner accessory hairs present. 
Phallosome with 5 to 8 leaflets on each side. 
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Fic. 4. Male hypopygium. A. demeilloni type form :—A.—coxite and phallosome (phallosome 
and hairs of harpago foreshortened) ; B.—phallosome leaflets; C.—harpago. A. garnbami var. 
walshi :—D.—harpago. c.—club; i.—inner, o.—outer accessory hair. 


Larva. Thoracic palmate hair (fig. 5, A), with narrow blade-like 


leaflets. 

Post. ventral mesopleural hair (longer of the 2 short hairs), branched 
or split, at least bifid, and relatively shorter than in garnhami and 
its variety. 

Typical abdominal palmate hairs, i.e., those of segments IV and V 
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(fig. 5, B,C). Leaflets with moderately long or long filaments* with 
linear termination. The filaments are usually about half the length 
of the blade or more, but may be two-fifths or, exceptionally, less 
than one-third; they are usually abruptly narrowed to form the 
hair-like termination which is normally at least one-sixth the length 
of the blade and commonly one-third or more. ° 











Fic. 5. Details of fourth stage larva of 4. demetlloni type form. A.—Thoracic palmate hair. 
B. and C.—leaflets of typical abdominal palmate hairs. D.—base of mesopleural hair group showing 
branched posterior ventral. D. to smaller scale than A. and C. Drawn by the authors. 


Inner caudal bristles with several branches hooked at tip. 

Pupa (fig. 6, A and c). Bmstle C on abdominal segments V 
and VI simple, and usually about equal to or slightly more or less 
than the length of the succeeding segment. 

Bristle A on segment VIII with relatively numerous branches, 
9 to 15, usually about 12. 

Hair IV on segments VI and VII with at least 5 branches. 

Apical bristles of paddles. Long and with double hook charac- 
teristic of Myzomyia (Senevet, 1931). 

DISTRIBUTION IN SOUTH AFRICA. Widespread in North and 
North-Eastern Transvaal; also found in Zululand (collected by 
Dr. A. Ingram) and Southern Rhodesia, Leeson (1931). 





* The filament is here defined as the portion of the leaflet beyond the last serration. 
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Fic. 6. A.—abdominal segments V-VII of pupa of A. demeilloni type form. B.—the same 
of A. garnhami var. walsht. C.—bristle A of segment VIII of 4. demetlloni. D.—the same of 
A. garnhamt var. walsht. The small capitals and numerals indicate the important bristles and hairs. 


A. DEMEILLONI var. CARTERI var. nov. 


A. transvaalensis De Meillon (in part). 


FEMALE. On the average larger than the type form; average 
wing length about 4-4 to 4:5 mm. 
Palps with either 3 or 4 pale bands, the latter condition very 


common. 

Mesonotal scales (fig. 2, G-1). Scaled area densely clothed with 
rather narrow white scales which are much broader than those in 
typical demeillon1, the narrowest having a breadth index of about 9, 
several being broadly truncated with index 6. Other characters 
including wing markings, colour of pale scales, structure of pharynx 
and ¢ hypopygium as in type form. 
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LarvA. Very similar to that of the type form, but: 

Thoracic palmate hair either with narrow blade-like leaflets as in 
the type form or represented by a branched hair. 

Typical abdominal palmate hairs (fig. 7, B, C). Leaflets very 
variable in width and sometimes much narrower than is usual 
inthe typeform. Filaments always shorter than in typical specimens 
of the type form and either without or with very short linear 
terminations. 


























p C 


Fic. 7. A. demeilloni var. carteri, larva. A.—thoracic palmate hair. B. and C.—leaflets 
of typical abdominal palmate hairs. Drawn by the authors. 


Inner caudal bristles with branches rather less markedly hooked 
than in the type form. 

Pupa. Similar to that of type form. 

DISTRIBUTION. Johannesburg, Transvaal, collected by one of the 
writers (B. De M.), including cotype ¢¢ and 22; Weenen, Natal 
(specimens in collections of the British Museum). 

Variation. In a specimen in the collections of the British 
Museum, taken at Estcourt, Natal, September to October, 1899, by 
Sir G. A. K. Marshall, the mesonotal scales were on the whole much 
narrower than in typical examples of the variety. 
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A. GARNHAMI Edwards, type form 


Specimens referable to this species were collected by one of us 
(B. De M.) in South Africa, in 1930, but were then regarded as variants 
of demeilloni (transvaalensis). On re-examining the collections of the 
South African Institute for Medical Research, 5 ?? of this form were 
discovered. 

The adult stage of the species was described in detail by Edwards 
(1930), who noted the external differences separating it from 
demeillon (transvaalensis). Later the pharyngeal characters were 
studied by one of us (A.M.E.) and a marked peculiarity noted, which 
distinguishes garnhami from all other Myzomyias in which those 
characters are known. We now find that the character of the 
pharyngeal armature affords a _ reliable distinction between 
A. gavnhami and its var. on the one hand, and A. demeilloni and 
var. carteri on the other. The characters of the hypopygium appear 
to give a morphological distinction in the 3. 

Characters found to be of value in distinguishing this form may be 
summarised as follows :— 

FEMALE. Larger than the other 3 anophelines here dealt with ; 
wing length usually from 4-8 to 5-5 mm. (fig. 1, D). 

Palps normally with 3 pale bands; tendency to 4-banded 
condition very rare. 

Mesonotal scales (fig. 2, J-N). Scaled area densely clothed with 
rather narrow scales, which are much broader than in typical 
demeilloni but of about the same width or broader than those of 
var. cartert ; many of scales in South African specimens with breadth 
index 6. In East African specimens the scales tend to be somewhat 
narrower. The scales have a distinctly yellowish tinge, especially 
towards the sides of the scaled area anteriorly. 

Wing (fig. 1, D). Costa almost always without a basal pale spot. 
Pale costal spots very small and any one except the subcostal (sc) 
may be absent. Fifth vein without dark spot on stem or lower 
branch at the fork. 

Pharynx with 19 + 2 pairs of narrowrodsandcones. Pharyngeal 
ridges (as in fig. 3, C) very well developed and bearing, instead of the 
usual fringe of short, delicate hairs, a single stout spicule. Those 
immediately behind and alternating with the rods have processes 
somewhat resembling the filaments of the rods but shorter. When 
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well displayed, at least 3 alternating rows of ridges can be seen behind 
the first, the spicules becoming progressively smaller. The spicules 
can be readily seen in unstained preparations. 

MALE. Hypopygium. Harpago (as in fig. 4, D) with club long and 
very slender ; inner accessory hair absent. Phallosome with not 
more than 4 leaflets on each side. 

LarvA. The larva was discovered by Symes, who described it in 
1932, and we have examined specimens collected by this observer 
and also larval material received from Mr. Hopkins and Mr. Gibbins 
in Uganda. Characters distinguishing the larva from that of 
A. demeilloni are :— 

Thoracic palmate hair (fig. 8, A), very rudimentary, usually with 
about 6 or 7 extremely narrow leaflets, which sometimes arise from 
widely different levels. 





Fic. 8. A. garnhami type form, larva. A.—thoracic palmate hair. B., C. and D.—leaflets 
of typical abdominal palmate hairs. E.—base of mesopleural hair group, showing simple posterior 
ventral. E. to smaller scale than A.-D. Drawn by the authors. 


Posterior ventral mesopleural haw (fig. 8, E). Nearly always 
simple ; relatively longer than in demezlloni and its variety. 

Typical abdominal palmate hairs (fig. 8, B-D). Leaflets with 
filaments relatively shorter on the whole than in typical demezsllom 
and without or with very short linear termination. 
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Inner caudal bristles with none of branches definitely hooked at 
tip. 

PupaA. This was described by Evans (1932), and the main 
differences from demeilloni are now found to be as follows :— 

Bristle C on abdominal segments V and VI with 2 to 4 branches 
(vans, 1932, includes the main stem in figures given). 

Bristle A on segment VIII coarse and with smaller average 
number of branches, about 7 to 9. 

Hair IV on segments VI and VII with 1 or 2 branches. 

Apical bristle of paddle short and with at most a slight tendency 
to the usual hooked shape. 

DISTRIBUTION IN SouTH AFRICA. In foothills of Drakensburg 
Mountains, near Leydsdorp, Transvaal (2,000 to 3,000 ft.). 


A. GARNHAMI var. WALSHI var. nov. 


FEMALE. Smaller than the type form, wing length about 4 mm. 
(fig. I, C). 

Palps commonly with 4 pale bands. 

Mesonotal scales. Mesonotum densely clothed with rather narrow 
yellowish scales many of which are rounded distally with breadth 
index 7. 

Wing (fig. 1, C). Costa with 2 basal pale spots. As in the 
type form of garnham1, the other pale costal spots more reduced than 
in South African demeilloni, but little tendency, if any, to complete 
absence of one or other of these. 

Pharnygeal armature and 3 hypopygium (fig. 4, D) as in the type 
form of garnhamt. 

LarvA. Very similar to that of the type form of garnhamz. 

Thoracic palmate haiy commonly an unmodified branched hair 
(fig. 9, A). 

Post. ventral mesopleural hair as in garnhami. 

Typical abdominal palmate hairs usually much as in garnhami 
but filament sometimes longer, nearly half the length of the blade 
in one larva (fig. 9, C). 

Inner caudal bristles as in the type form. 
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Tergal plates as in the type form except that the sixth and 
seventh segments show a marked tendency to the development of 
very small paired accessory tergal plates or plaques. 

PuPaA (fig. 6,8, D). bristle A on segment VIII with 6 or 7 branches. 

Apical hair of paddle longer than in type form of garnhami and 
with distinct hooked shape. 








hing 











Fic. 9. A. garnhami var. walsht. A.—hair representing thoracic palmate hair. B.—leaflet 
from typical abdominal palmate hair. C.—leaflet with unusually long filament from typical 
abdominal palmate hair. Original. 


DisTRIBUTION. Only known up to the present from Drakensberg, 
3,000 to 4,000 ft., near Tzaneen, Transvaal, and Tzaneen itself, 
2,380 ft., 15 miles from the mountains, where a few specimens have 
been collected. Cotype ¢ 3 and 92 from Magoeba’s Kloof, Tzaneen, 
North Transvaal, 17.9.1932, collected by one of the authors 


(B. De M.). 
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THE DISTRIBUTION OF BLACKWATER 
FEVER IN CENTRAL AMERICA, SOUTH 
AMERICA AND THE WEST INDIES* 


BY 


J. W. W. STEPHENS 


(Received for publication, 1 May, 1933) 


CENTRAL AMERICA. 


Locality and Date 


General 


Costa Rica. 


Locality and Date 


Punta-Arenas 
1864 


Port Limon ... 


Costa Rica .. 


Two Maps 


Cases Authority 


‘In Central America the fever occurs upon the | Craig, C. F. (1g09). 


Isthmus of Panama, in Honduras, Nicaragua, 
Costa Rica, and along the entire coast-line ’ 


/ 4 \ 
p-» 392). 


‘ Itis prevalent in Central America, particularly | Deaderick, W. H. (19909). 


in Honduras, Nicaragua, and Costa Rica.... 


‘Numerous cases have been reported from 


». ’ \ 
Panama’ (p. 34). 


Deaderick, W. H., and 
| “Thompson, L. (1916). 
p- 220). 


Cases Authority 


‘La fievre rémittente bilieuse semble vy avoir | Le Roy de Méricourt, A. 
été observée assez souvent et y avoir été (1864). 
parfois confondue avec la fiévre jaune’ 


(p. 374). 


‘On the coast here we have many cases,  Steggall. S. L. J. (1899). 
although they bear a very small proportion to 
the enormous number of intermittent and 
remittent fevers’ (p. 259). 
3 cases reported 


Cases Deaths Year United Fruit Company 
15 5 (1g00-1g01) Medical Department 
II eos §=—- (989) Annual Reports (1912- 
50 ww. (1914) 1931). 


*STEPHENS, J. W. W. (1927). The distribution of blackwater fever in Europe. Ann. Trop. 
Med. & Parasitol., 21, 467. 


——— (1928). The 


(1928). The 

(1928). ‘The 

~ (1929). ‘The 
——— (1929). The 





distribution of blackwater fever in South-West Asia. Joc. cit., 22, 53. 
distribution of blackwater fever in India. Joc. cit., 22, 170. 

distribution of blackwater fever in Burma and the Far East. doc. cit., 22. 179. 
distribution of blackwater fever in Africa. doc. cit., 23, 67. 

distribution of blackwater fever in North America. loc. cit., 23, 451. 
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Costa Rica—continued 
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Locality and Date 


Cases 


Authority 





Costa Rica—contd. 


Cases Deaths 


7 3 
3 2 
7 6 
21 5 
i ; 
17 + 
12 I 
1s 9 
15 5 
18 2 
17 3 
32 7 
39 II 
22 3 
21 6 
35" 10 
28* 7 


Year 
(1915) 
(1916) 
(1917) 
(1918) 
(1919) 
(1920) 





United Fruit Company 
Medical Department 
Annual Reports 
(1912-1931). 


* In the Compania Bananera division, on the Atlantic Coast of Costa Rica. 


GUATEMALA. 


Locality and Date 


Cases 


Authority 











Cases Deaths 


8 fe) 
4 fe) 
3 2 
Io 2 
7 2 
I 
4 I 
2 I 
I eee 
8 4 
5 2 
9 I 
7 2 
22 3 
13 7 
7 4 
8 3 
15 2 
21 6 


Year 
(1912) 
(1913) 
(1914) 
(1915) 
(1916) 
(1917) 
(1918) 
(1919) 
(1921) 
(1922) 
(1923) 
(1924) 
(1925) 
(1926) 
(1927) 
(1928) 
(1929) 
(1930) 
(1931) 


| 


| 
| 
| 
| 


United Fruit Company 
Medical Department 
Annual Reports 


(1914-1931) 






































HonpbDuwurRAS. 


Locality and Date 
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Cases 


Authority 





Atlantic Coast: 


Ceiba ... 


General 


Atlantic Coast: 


Tela 


Tela and Truxillo: 


Honpvuras, BriTisH. 


Tel a 
Truxtillo 
Tela 
Truxtllo 
Tel a 
Truxtillo 
Tela 
Truxillo 
Tela 
Truxillo 
Tel a 
Truxillo 
y el a 
Truxtillo 
Tela 
Truxtllo 
Tel a 
Truxtllo 
Tel a 
Truxillo 
Tela 
Truxillo 
Tela 
Truxtllo 
Tela 
Truxillo 
Tela 
Truxtillo 
Tela 


Locality and Date 


“A la “Ceiba” j'ai eu maintes occasions 
d’observer la fieévre bilieuse hémoglobinu- 
rique qui dans cet endroit est connue 
généralement sous le nom de “ Fiebre de 


Aquas Negras ”’.’ 


Cases 


3 


Cases Deaths 


13 
20 
13 
7 
9 
i 
I 
II 
I 
3 
16 
6 
25 
13 
17 
II 
13 
7 
12 
6 
23 
4 
30 
7 
25 
9 
50 
6 
39 
16* 


— . 
CWOWHWAHN OF OM NNWN NUN: 


* Cortes Development Company, Atlantic Coast 


Cases 


Year 


(1918-) 


‘in Honduras noch haufiger ist’ 


1e) 


4 
1 


3 


Year 

(1914) 
(1915) 
(1917) 
(1918) 
(1918) 
(1919) 
(1919) 
(1920) 
(1920) 
(1921) 
(1921) 
(1922) 
(1922) 
(1923) 
(1923) 
(1924) 
(1924) 
(1925) 
(1925) 
(1926) 
(1926) 
(1927) 
(1927) 
(1928) 
(1928) 
(1929) 
(1929) 
(1930) 
(1930) 
(1931) 
(1931) 
(1931) 


Munoz, F. R. (1920) 


Mense, C. (1924) 


| United Fruit Company 
Medical Department 
Annual Reports 


(1914-1931) 





Authority 





Honduras (British) 


Records 3 cases. 


Cases Deaths 


Not recorded 


I 


Year 
(1896-1922) 
(1923) 
(1925) 
(1926) 
(1930) _ 


Browne, O. (1899). 


| British Honduras Official 
Medical Reports. 





Mexico. 


Locality and Date 


Vera Cruz 


Tampico 


NICARAGUA, 


Locality and Date 


San “fuan del Sur 
1850 


Managua 


PANAMA. 


Locality and Date 


General ma ox 


1864 





te 
oo 
N 





Cases Authority 

















Heinemann, C. 
(1885 and 1886). 


‘Im September des Jahres 1881 .... 
welcher seit 3 Tagen an Wechselfiebers . . . | 
erkrankt war. Der Vater hatte den 
Kranken schon mit Chinin behandelt und 
mich nur consultirt weil ihn die auffallend 
schwarze Farbe des Urins beunruhigte .. . 
Der sehr reichlich gelassene Urin war von | 
tief schwarzrother Farbe und _ reagirte 
deutlich sauer .. . 

‘Die in meinem Hause fortgefiihrte Unter- 
suchung erwies sowohl durch Anwendung 
der Heller’schen Blutprobe, als durch die 
Beobachtung mit einem Zeiss’schen Mikro- 
spektroskop die Anwesenheit von Methamo- 


globin im Urin’ (p. 517). 





> 


Livingston, W. R. (1897). 


‘Recent articles condemning quinine in this | ; 
condition have induced me to report the | 
following cases (2) selected from those 
treated by me while in charge of the 
Hospital Americano at ‘Tampico.’ 
2 (1895) 
“These cases present an atypical course,” 
the author states, (and I think the diagnosis 
is doubtful in both). 


Authority 


. 


Fluit dagegen hat seit 1850 in San Juan del Mense, C. 
Sur zahlreiche Falle bei Fremden, einige bei 
Eingeborenen gesehen, die meisten wahrend 

der teuchten euchten Jahrezeit ’ (p. 228). 


(1899). 








. 





E. Rothschuh schreibt aus Managua in , Mense, C. (1899). 
Nicaragua, das er etwa 20 Falle behandelt 

habe, vorweigend bei Weissen, aber auch bei 

einzelnen Ladinos d. h. Mischlingen und 

reinen Indianern ’ (p. 228). 





{ 
Cases | Authority 


ee ee 


‘Les fiévres  intermittentes dominent la 


pathologie’ (p. 285). 


Le Roy de Mericourt, A. 
(1864). 


‘La fiévre rémittente bileuse y est fréquente’ 


| 
| 
(p. 286). | 








PANAMA— continued. 
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Locality and Date 


Cases 


Authority 





Ancon, Canal Zone 


Panama 


Republic of Panama . 


Atlantic Coast : 
Bocas del Toro 


Pacific Coast: 
Chirigut 


Panama Canal Zone .. 





14 (10 Nov., 1g05—10 May, 1906). 


Brem, W. V. (1906). 


in Spaniards, one in an Italian, and one in | 
a Spanish-American. 


Nine of the cases occurred in Americans, two | 
{ 


Observer Place Time Cases | Craig, C. F. (1909). 
Gorgas Panama 8 months 20 | 
\P- 393) | 


1 (1918) 


Ball, E. (1923). 


All of these patients were negro or a mixture 
of negro and Spanish. 


Cases 


a _ 4 
Ww ANPHOD HNON OF COAG NN: 


16 
2 


* 


13 


Deaths 
I 


=m WNW Ce ee oe 


N WW Nom me et et 


. 
. 
— . 


17 
20 
2 


- 


18 
14 
13 


Year 

(1900) United Fruit Company 
(1902) | Medical Department 
(1904) | Annual Reports 
(1906) | (1900-1931) 
(1907) | 

(1908-09) 

(1909-10) 

(1910-11) 

(1913) 

(1914) 

(1915) 

(1916) 

(1917) 

(1918) 

(1919) 

(1920) 

(1921) 

(1922) 

(1923) 

(1924) 

(1925) 

(1926) 

(1927) 

(1928) 

(1929) 

(1930) 

(1931) 


(1929) United Fruit Company 
(1930) Medical Department 
(1931) Annual Reports 


(1929-1931). 


(1906) ' Annual Reports of the 
(1907) Department of Health 
(1908) (Sanitation) of the 
1909) Panama Canal 

1910) (1906-1930). 
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PANAMA— continued. 





























Locality and Date Cases Authority 
Panama Canal Zone— I we (1918) 
continued 2 «+ (1919) 
I I (1920) 
2 3 (gat) 
1 (1923) 
vs 3 (1924) 
2 1 (1925) 
I I (1926) 
2 2 (1927) 
_ I = (1928) 
r 3 (1929) 
2 (1930) 
SoutH AMERICA. 
Locality and Date Cases Authority 
General : ‘In South America the disease occurs in | Craig, C. F. (1go9). 
Argentina ...| Venezuela, Guiana, the Argentine Republic 
Brazil _ ...| and Brazil’ (p. 392). | 
Guiana | | 
| 


V enezuela 


Deaderick and ‘Thompson state that hemo- 
gobinuric fever prevails more notably on the 
north and east coasts, in Venezuela, Guiana, 
and Brazil, at least as far South as Rio de 
Janeiro (p. 226). 


General : 
Brazil 
Guiana 
V enezuela 








ARGENTINE. 





Locality and Date Cas 


oO 
77) 





General oF ‘The disease occurs in ... the Argentine 
Republic’ (p. 392). 
General ‘L’emoglobinuria, in forma grave ed anche 


mortale, non é rara.’ 


‘La hemoglobinuria’ en forma grave y aun 
mortal no es rara’ (p. 174). 


North Argentine 


Salta ... ee .» ‘La fiebre hemoglobinirica se observa con 


extraordinaria rareza habiéndosela_ visto 


sdlo en ninos’ (p. 367). 





Deaderick, W. H. 
p- 35 

Deaderick, W. I1., and 

‘Thompson, L. (1916). 


(1909). 





Authority 


Craig, C. F. (1909). 


Alfaro, G. A. (1927). 


Alfaro, G. A. (1926). 


Aranda, C. A. (1926). 











ARGENTINE—continued. 


Locality and Date 
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Cases 








Tucuman 





' 
Province of | 
Buenos Aires | 

| 


| 
| 


Fujuy ... dei oxal 


| 
| 
| 
| 


BRAZIL. 


Locality and Date 


“7 


Malaria in Italy 1924. 


‘Primer caso 


‘De 


.as hematurias observadas por varios colegas, 
no las catalogo como producidas por el 
paludismo por carecer de datos precisos’ 
(p- 350). 

1 case (1 Feb., 1927) 
Left Italy October, 
1926. 


Castex recorded a case in 1916 and one in IgIg. 


auctéctono de fiebre hemo- 
globinurica observado en Jujuy’ (p. 182). 


frecuentes encuestas... he podido 
recoger la impresién de que se produjeron 
con anterioridad y en diferente épocas casos 
de fiebre hemoglobinurica en la_ regidn 
y sobre todo en la zona fronteriza con 
Tucuman de la provincia de Salta. Asi el 
doctor de Cores, de Rosario de la Frontera 
(Salta) tuvo oportunidad de atender, haec 
tres anos dos ninas, de una misma familia, 
una de las cuales . . . emisidn de orinas 
rojovinosas . . . vomitos incoercibles, de 
aspecto porraceo . . . La otra hermana que 
solo presento una emision urinaria coloreada 
e ictericia.’ 


Cases 





Authority 


Cossio, R. (1926). 


Castex, M. R. 

Gonzalez, H., 

Poletti, R. A. 
(1928). 


Mazza, S. (1932). 


Authority 





Rio de Faneiro 


| 
| 
General a 
| 


| 
| 
Rio de Faneiro | 


Amazonas er 





| , : 
.... ‘Auch die Professoren Moncorvo Vater und 


Sohn haben in Brasilien bei dem reichen 
Material der Kliniken von Rio de Janeiro 
hamoglobinurisches Fieber haufig zu 
behandeln gehabt, ersterer in etwa_ 100, 
letzterer in 10 Fallen (2 Neger).’ 


a America it has been encountered in French 


Guiana, Venezuela, Cuba and elsewhere, but 
it is apparently unknown in Brazil’ (p. 485). 


..-| ‘In S. America hemoglobinuric fever prevails 


. . . at least as far South as Rio.’ 


35 cases 
‘Blackwater is frequent in the province of 
Amazonas.’ 


Mense, C. (1899) 


Marchiafava and Bignami 


(1900) 


Deaderick, W. H. 


p- 35. 


1909), 


Deaderick, W. 
‘Thompson, 
p- 226. 


H., and 
L. (1916), 


de Matta, A. A. (1912). 








Brazit—continued. 


Locality and Date 


Vadeira-Mamore 
Railway Co., 


Porto Velho 


CoLoMBIA. 


Locality and Date 


General 


Bogota ... 


General 


Barranca-Bermeja 
Santander 


Cases 


Racial incidence of blackwater fever. 


Black- Rate per 
Nationality Ifospital water 1, 
admissions* cases admissions 
West Indians ... 4,537 5 2 
Brazilians io ul 52 gro4 
North Americans 
plus Europeans 
other than 


Spaniards... 8,638 145 16°78 
N. Americans plus 

all Europeans — 14,759 39 242 
Spaniards vi 245 40°02 

*For the period of 46 months: Jan 1, 1g08- 


Nov. 27, 1912. 


| Cases 


‘La fiebre hemoglobinurica no parece exister 
en Colombia sino en los focos mas intensos de 
Paludismo Chocé, margeres del Magdalene 
en determinados puntos, Santa Marta, 
reberas del Zulia ete’ (p. 129). 


‘Fiebre haemoglobinurica (Black-water fever). 
This complaint is observed amongst those 


attacked by chronic malaria. . .’ 


‘Malaria findet sich in den feucht warmen 


Ebenen haufig; auch Schwarzwasserfieber | 


kommt vor’ (p. 359). 


Cases Deaths Year 


6 3 ~~ (1916) 
2 (1917) 
I (1919) 
I ita (1923) 
2 1 (1924) 
I I (1925) 
2 I (1926) 
I I (1929) 
3 I (1930) 
2 (1931) 


‘20 Cases of blackwater fever from the interior 
of Colombia.’ 








Authority 


Lovelace, C. (1913). 





Authority 





Marquez, L. C. (1915). 


Santamaria, J. M. (1913). 


Miuhlens, P. (1920). 


United Fruit Company 
Medical Department 
Annual Reports 


(1916-1931). 


Paterson, J. ©. (1933). 
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Ecuapor. 








Locality and Date Cases 
Guayaquil... w»| “D.  Frévre remittente bilicuse.—Elle est assez 
fréquente et assez grave pour avoir fait 
1864 | croire plusieurs fois a l’invasion de la fiévre 
jaune’ (p. 281). 
Guiana, Bririsn. 
Locality and Date Cases 








Cases Deaths Year 
11 (1913)* 
il (1914)* 
Ig (1g15)* 
20 ~=— (1916)* 
17 (1917)* 
10 (1918)* 

8 (1919)* 
6 = (1920)* 
4 (1921)* 
4 (1922)* 


(1923) 

w» (1924) 
7 ~~ (1925) 
8 (1926) 
19 (1927) 


6 (1928) 
11 (1929) 
12 (1930) 





*The data for these years kindly supplied by 
Surgeon-General Wise (Jamaica). 
GuIANA, FRENCH. 


Locality and Date Cases 


Authority 


Le Roy de Mericourt 


(1864). 


Authority 
| 


| 


British Gutana 


Official Medical Reports. 





Authority 





C’est la seconde fois que la fievre dite bilieuse 
inflammatoire de l’Amerique tropicale fait 
le sujet d’une étude méthodique et 


Burot, P. (1881). 


approfondie ... M. Burot a_ retrouve | 


cette maladie a la Guyane.’ (Review by | 


| A. Borius.) 


Cases Deaths Year 


27 4 (1897) 

13 6 (1898) 

7 . — 5 (1899) 
Saint-Fean-du-Maront 20 11 16 juin, 1887- 


31 décembre 1899) 


| Sur les statistiques . . . pour toute la Guyane. | 


Clarac (1902). 
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GUIANA, FrENCH—continued. 


Locality and Date 


Ge neral 


General 


PARAGUAY. 


Locality and Date 


General 


Li RUGUAY. 


Locality and Date 


VENEZUELA. 


Locality and Date 


General 


R. Orinoco 


General 


‘On rencontre toutes les formes de l’intoxication 
palustre ; accés pernicieux, fiévres bilieuses 
hémoglobinuriques, typho-malariennes ; 
toutes ces formes sont également fréquentes 
et également graves’ (p. 375). 


‘In Franzosich Guayana fand Thézé es selten ’ 


(p. 485). 


Cases 


‘ 


. . Paraguay. He (the reviewer) was there 
quite recently. Letshmaniasis is very 
common indeed in that country, and so are 
infections with P. falciparum; and black- 
water fever is not rare’ (p. 186). 


Cases 


‘ L’Uruguay est le seul pays de l’Amérique du 
Sud ot on n’a pas encore signalé le paludisme 
autochtone.’ 


Cases 


‘In French Guiana, Venezuela, Cuba and 
elsewhere’ (p. 486). 


‘Haemoglobinuric fever ...in Venezuela’ 
(p. 226). 


‘Auch Schwarzwasserfieber est nicht unbe- 
kannt.’ 


‘Ist es etwas hiufiger in den Niederungen des 
Orinokko und seiner Nebenfliisse ’ (p. 485). 


Numerous papers on the subject of blackwater | 
fever from 1881 onwards have appeared in 
Venezuelan journals unavailable in this | 
country. 








Authority 


Clarac (1907). 


Mense, C. (1924). 


Authority 


James, W. M. (1931). 


Authority 


Talice, R. V. (1931). 


Authority 


Marchiafava and Bignami 
(1900). 


Deaderick and Thompson 
(1916). 
Miuhlens, P. (1920). 


Mense, C. (1924). q 


Venezuelan Journals. 





West Inptes. 


Antilles* 


1828-1838 


Pointe-a-Pitre... 


1853-1854 


General 


Guadeloupe, Hayti, 
Martinique ... 
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Cases 


‘“C’est  particuliérement dans les __ foyers 
d’émanations palustres trés-intenses de Fort- 
de-France et de la Pointe-a-Pitre, dans ce 
dernier surtout, qu’on la rencontre. Dans les 
localités . . comme Sainte-Pierre et la 
Basse Terre, elle est rare, et si elle apparait, 
cest qu’elle a été contracteé ailleurs .... 
cest seulement dans les lieux marécageux, 1a 
ou régne la fi¢vre paludéenne grave qu’on 
l’observe.’ (la fiévre bilieuse grave) (p. 316.) 

‘Yelle est la fiévre que les medecins de la 
Pointe-a-Pitre, ou elle est plus souvent 
observée qu’ailleurs ont nommée fiévre 
bilieuse hématurique , fievre jaune des 
acclimates et des créoles’ (p. 318). 

‘Ce practicien (Lherminier) . . . . reconnait 
que la fievre bilieuse, était plus grave autre 
fois qu’ aujourd’hui: de 1828 21838 époaque 
d’immunité pour la fiévre jaune, il l’a 
observée frequemment sur _ les 


(p. 318). 


créoles ’ 


‘La fiévre bilieuse hématurique des Antilles 
-... mest pas une maladie fréquente ; 
elle est entiérement étrangére a certaines 
localités, . . . Les années 1853 et 1854 en 
on offert d’assez nombreux exemples a 
Pointe-a-Pitre’ (p. 321). 


‘In West Indies, blackwater fever occurs in 
Cuba, Martinique, Guadeloupe, ‘Trinidad 
and some of the smaller islands belonging to 
this group’ (p. 392). 

* It is found in the Greater Antilles, but appears 
to be rare in Hayti. In the Lesser Antilles 
it is more common on the islands of 
Guadeloupe and Martinique. 


Authority 


Dutroulau, A. F. (1868) 


Dutroulau, A. F. (1868). 


Craig, C. F. (1909). 


Deaderick, W. HL. (109 9), 
D. 34. 

Deaderick and ‘Thompson 
(1916), p. 226. 


* The French Antilles (Les petites Antilles) comprise (1) Gaudeloupe and its dependencies, Les 
Saintes, Marie galante, la Désirade, St. Barthélémy, (2) St. Martin (part of), (3) Martinique. 


ANTIGUA. 


Locality and Date 


Antigua 


Cases 





‘The urine also in those aggravated cases (of 
bilious fevers) was always very acid, the 
secretion scanty and high coloured, some- 
times even bloody” (p. 34). 

(It is doubtful, I think, whether these were 
cases of blackwater fever). 


Authority 


Freeland, J. (1891). 











CusA. 
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Locality and Date 


Cases 








Authority 








Santiago da Cuba ... 


Santiago General 
Hospital. 


Santiago 


Cuba :— 
Preston 
Banes 
Preston 
Banes 
Nipe Ba i 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 
Preston 
Banes 


* Cuban Divisions = 





| 


. . . . . . 
. . . . . . . 


‘The malignant type seems to be the endemic | Fabricius, F. W. (1899). 
form of malaria parasite in this region.’ 

‘In three cases of malarial haematuria or rather 
haemoglobinuria, a few hyaline unpigmented 


bodies were found.’ 


6 (1898-99) (p. 199) 











Smith, B. (1900). 


‘T recollect very few cases of pernicious malaria | Gorgas, W. C. (1906). 


or blackwater fever.’ 


Cases Deaths 

4 
3 I 
3 I 
7 2 
cd 2 
/ b) 
I ANE 
3 I 
5 13 
4 I 
8 I 
22 2 
3 I 
2 aoe 
ma I 
6 I 
2 2 
4 2 

I 
42 10 
I I 
75 13 
12 2 
38 s) 
16 4 
7 I 
5 I 
9 3 
4 2 
I or 
- I 
*, 


4anes and Preston. 


Year 
(1914) 
(1915) 
(1915) 
(1916) 
(1917) 
(1917) 
(1918) 
(1918) 


(1919) 
(1919) 
(1920) 


(1921) 
(1921) 
(1922) 
(1922) 
(1923) 
(1923) 
(1924) 
(1924) 
(1925) 
(1925) 
(1926) 
(1926) 
(1927) 
(1927) 
(1928) 
(1928) 
(1929) 
(1929) 
(1930) 
(1930) 
(1931) 


United Fruit Company 
Medical Department 
Annual Reports (1914- 
1931). 
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GUADELOUPE. 


Locality and Date Cases 








Guadeloupe... sei ‘Maladie paludéenne ictérique. 

1848 (Fiévre jaune ; typhus ictérode ; __ fiévre 
rémittente bilieuse ;  fievre rémittente 
perniciouse mélanurique).’ 

‘Obs IX Mademoiselle A... . 17 ans.’ 

‘17 février, 1848. Fiévre; 100 pulsations ; 
les yeux, le pourtour des lévres ont une 
legére teinte jaune... . (Frictions avec 
sulfate de quinine 2.50 grammes; a 
l’intérieur, sulfate de quinine I.lo....’ 
18 février . .. . les urines avaient prises une 
couleur noire.’ 

‘22 février .... vomissements noir... . 
la malade périt.’ 
‘Obs X. Mademoiselle A.... 23 ans. 
‘12 mai....frisson violent 4 minuit ; vomisse- 
ments bilieux ... . (sulfate de quinine 1.50 ; 
quinquina, 30 grammes).’ 
14... . depuis le premier frisson les urines 
sont noires, la face d’un jaune intense.’ 
‘Obs. XI. L....de race blanche 14 ans.’ 
‘17 et 18 decembre, 1847. Un faible accés de 
| fiévre intermittente.’ . 
‘1g. ‘Troisiéme acces plus fort. Il prend du 
sulfate de quinine qu’il vomit.’ 
20. A huit heures du matin, frisson violent, 
face d’un jaune intense.... Urines noires.’ 
21. Vomissements de matiéres noiratres.’ 
There is no evidence in this paper, if as the 
title implies it is dealing with blackwater 
fever, that Duchassaing attributed the black 
urines to quinine as stated by Corre (1892). 


(q.v.). 


Pointeed-Pitre ... ‘Continué plus longtemps le traitement 


‘ 


‘ 


1847 


‘ 


quinique peut constituer un danger, et on | 


1859 | n’est pas éloigné a la _ Pointe-a-Pitre, 
d’attribuer a l’abus qu’on en faisait autrefois 
les accidents hémorrhagiques qui étaient 
bien plus fréquents alors qu’ aujourd’hui.’ 


Pointe-d-Pitre ...| 1 (1861) 


Islet of Cosson ... ‘Six années de service en Afrique.  Dix-sept 
mois de séjour a la Pointe-a-Pitre. Réside 
dépuis cing mois, a lilet 4 Cosson.’ 

Toutes les formes des fiévres et notamment 
la fiévre hématurique y sont endémiques.’ 


‘ 


| 








Authority 


Duchassaing, A. (1850). 


Dutroulau, A. F. (1859). 


Pellarin, A. (1862). 


Pellarin, A. (1862). 
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GUADELOUPE—continued. 


Locality and Date 


Cases 





Authority 





Basse-Terre, 
Grande-Terre, | 
Pointe-a-Pitre. | 


Saint-Fules Hospital ... 





Pointe-.:-Pitre Hospital | 


Basse-Terre ... ai 


| 


Pointe-a-Pitre... 


Guadeloupe 





‘F ... . vient de passer deux ans en détache- 
ment a la Pointe-a-Pitre of il a eu nombreux 
accés de fiévre: arrivé a la Basse-Terre il 
ressent le jour méme un malaise qui persiste 
deux jours; un accés avec frisson intense se 
déclare pendant lequel le malade dit avoir 
rendu les urines noires. Le 25. Entré a 
l’hopital le soir méme, le malade presente 
les symptOmes suivants: teinte ictérique de 
la peau.... Les urines du soir sont couleur 
du vin de Malaga. . . . vomissements bilieux 
d’un vert porracé, une selle liquide de 
méme nature.... Le 28. Au matin les 
vomissements deviennent plus fréquents. ... 
Les urines sont rougeatres ; deux selles de 
méme couleur. . . . les vomissements sont 
incoercibles. Emission des urines difficile ; les 
urines sont plus rares, mais de meme couleur. 
Le 30. Les vomissement cessent, les urines 
sont peu colorées ... le délire survient, 
l’etat comateux lui succéde et le mort arrive 
le 30 au soir.’ 

‘Ces cas sont trés rares a la Basse-Terre ; ils 
sont plus fréquents a la Pointe-a-Pitre et ala 
Grande-Terre.’ 

1 (1862) 

‘ La fiévre bilieuse hématurique improprement 
appelée fievre jaune des créoles. ..  ’ 

‘,... la fiévre bilieuse hématurque qui 
serait mieux nommée_ néphrorrhagique. 

‘Sur sept cas mortels. . . . intelligence est 
restée intacte jusqu’au moment de la mort.’ 


1 (1864) 


‘M. C. de L.... Agé de 36 ans, né a la 
Basse-Terre (Guadeloupe). Entré a l’hopital 
le 27 Octobre, 1870. .* . mort le 29 du 
méme mois.’ 


‘M. Raimond relate cing cas observés a la 
Pointe-a-Pitre, dans les mois les plus froids : 
décembre, janvier, février et mars (de la 
fiévre bilieuse hématurique) (p. 79). 


‘C’est la maladie que le peuple nomme a la 
Guadeloupe, ou je l’ai observée, fiévre a 
urines notres, fiévre jaune des créoles, et que 
le plupart des médecins nomment aujourd’ 
hui fiévre bilieuse hématurique ’ (p. 85). 


Cases Year 
I (1860) 
4 (1861) 
5 (1862) 
; (1863) 


(1864) pp. 184-311. 


we 





Brassac, P. J. M. (1863). 


Pellarin, A. (1865). 3 


Pellarin, A. (1865). 4 


Manceaux, T’. L. (1872). 


Raimond (1874), 
quoted by Brejon, F. 
(1881). 


Pellarin, A. (1876). 








ae 








GUADELOUPE—continued. 





Locality and Date 


Cases 





Guadoloupe—continued 








| 
} 





Authority 


‘A la Guadeloupe, la maladie est commune Corre, A. (1887). 


dans les endroits ravinés, dans les coulées que 
balaient les fortes brises; elle sévit durant 
les mois les plus frais (décembre-mars) et 
apparait souvent a l’occasion d’un change- 


| 


ment de résidence, d’une émigration sur le | 


littoral ; chez quelques sujets la susceptibilité 
relative aux écarts de la température 
reléverait d’une idiosyncracie héréditaire, du 
moins le Dr. Lherminier nous a dit avoir 
constaté une sorte de prédisposition aux 
accés jaunes (autre nom de la fiévre hémo- 
globinurique aux Antilles) dans certaines 
familles’ (p. 376). 


‘La méthémoglobinurie quinique.’ 
‘ La premiére mention qui ait été faite d’urines 


noires provoquées par l’administration des 
sels de quinine, appartient a un medecin de 
la Gaudeloupe, Duchassaing’ (p. 320). 


‘Ici, la bilieuse hémoglobinurique est plus 


souvent observée. ‘““La morbidité par 
paludisme est par contre assez élevée, surtout 
a la Guadeloupe, la grande Terre est surtout 
insalubre, la Pointe-a-Pitre est batie sur un 
ancien marais ; plus de la moitié des hommes 
de troupe est atteinte. Ici, la bilieuse hémo- 
globurinurique est plus souvent observée.” 
(As compared with Martinique) ’ (p. 567). 


. . . « La forme hémoglobinurique inconnue 


a la Martinique est trés fréquente a la 
Guadeloupe. Dans les régions nord et nord- 
est (Morne-a-l’Eau, Canal, Port-Louis, la 
Pointe-a-Pitre, sur la Grande-Terre ; Sainte 
Rose, Deshaies, Pointe Noire, Bouillante, 
Goyaves, a la Gaudeloupe proprement dite), 
la bilieuse hémoglobinurique se manifeste 
avec une fréquence telle que plusieurs 
considérent les sels de quinine comme jouant 
un role important dans la pathologie de cette 
manifestation. La vérité est que les Antillais 
de ces régions présentent une véritable 
idiosyncrasie et font de la bilieuse hémo- 
globinurique ou de _ |’hémoglobinurie 
quinique avec une singuliére facilité ; chez 














les uns, c’est l’intoxication paludéenne grave | 
qui est en cause; chez les autres c’est | 
intoxication quinique qui intervient sans | 


qu’il soit permis de considérer les deux 
manifestations comme identiques, et cela 
pas plus a la Guadeloupe qu’ailleurs. Dans 


cette colonie comme ailleurs, le paludisme | 
grave est facteur de la bilieuse hémo- | 
globinurique, qui ne se rencontre que dans | 


les régions ou l’endémie sévit avec intensité ’ 


(P- 343). 


Corre, A. (1892). 


Brault, J. (1907). 


Clarac (1907). 
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Haltl. 
Locality and Date | Cases Authority 
PortGodve_... ... Mr. G. D., pharmacien, établi depuis cinq Sylvain, E. (1899). 


| mois seulement a Port Goave (Haiti), ville 
_ ou la malaria est a l’état endémique a été 
| atteint de fiévre avec frissons.’ 
‘Le premier jour il prend 1 gr. §0 centi- 
grammes de sulfate de quinine en 12 heures 
’ 


| ‘Le 2€me jour le malade avale deux grammes 
toujours ent2 heures.’ 

‘Les urines deviennent noires. Température 
39°.” 

* Le 3@me jour suppression de la quinine et les 
urines deviennent normales le soir.’ 

‘Le g@me jour la fiévre avait complétement 
disparu avec tous les symptomes.’ 





Santo Domingo 
La Romana. water fever.’ 

‘6 cases among U.S.marines,1 case in a French 

| priest who had lived in Haiti 13 years.’ 


Haits 


‘ During this time (two and one-half years), 626 
cases of malaria and 13 cases of blackwater 
fever have come under our observation... . 


records show that troops serving in northern 


’ 


malaria and blackwater fever. . . . 
| ‘Of the 13 cases of blackwater fever which we 





‘Three of these were typical cases of black- | 
| 


In the early days of the occupation (1915-16) | 


Haiti in the district around Fort Liberty and | 
Ouanaminthe, had to be replaced frequently | 
because of the prevalence of malignant | 


Otis, E. F. (1915). 
Torrance, R. A., and 
| Bowman, F. H. (1917). 


Robertson, G. E., and 
Moore, W. (1923). 


have seen, seven cases came from Biziton and 


4 from Mirebalais’ (pp. 413-414). 


‘ Blackwater fever, strange to say, is not 

frequently seen in its true form, although 
| it is not at all unusual to see an apparently 
| mormal convalescent with hemoglobinuria. 
| Where typical blackwater fever is present, 
it is almost invariably fatal’ (p. 422). 


8 cases in 30 years. 
| All occurred amongst adult Haitians except 
one, who was a young Syrian’ (p.161). 





| Storch, R. B. (1923). 


Hudicourt, L. (1927). 
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JAMAICA. 


Locality and Date 
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Cases 





Authority 





1859 


‘Famaica 


General 


‘Mr. R. T., planter, aged 37... . was attacked | 


with intermittent fever on Saturday, the 
13th of August, 1859, and until Monday, the 


15th, when I saw him, the fever had con- | 


tinued with very little intermission.’ 
*. . . . [found the urine to be of a dark porter 
colour, with a deposit of grumous sediment.’ 
. the evacuations were liquid, black, and 
very offensive . . . . the conjunctivae were 
deeply tinged with bile, and the upper part 
of the body was of a deep lemon colour .. .’ 


| ‘16th .... The urineis still of a deep port- 





wine colour and very scanty ; has vomited a 
good deal of green bilious matter.’ 
“18th ... . mo secretion of urine.’ 


‘18th. Urine, which, up to this morning | 


had been entirely suppressed for forty-eight 
hours, was passed in very small quantity.’ 

‘20th . . . . secretion of urine has been again 

arrested.’ 

‘24th-26th. The fever had evidently assumed 
a typhoid-remittent type . .. almost 
constant hiccough. Urine . . . . totally 
suppressed for the last two days.’ 

27th. I passed a catheter into the bladder, 
and drew off some turbid urine. But he 
died soon after. . . .’ 


‘ 


Cases Deaths Year 
I ..» (1926) 
I 1 (1927) 


(1911-1912) 
(1913-1914) 
(1914-1915) 
(1915-1916) 
(1916-1917) 
(1919-1920) 
(1920) 
«so 6S) 
2 (1924) 


Wun a = Cn bd COP 
= Nm mf 


1927 
* Cases of blackwater fever occur, but as these 
are mainly in the private practice of medical | 
men, no records are available ’ (p. 20). 


Croskery, H. (186c). 


United Fruit Company 
Medical Department 
Annual Reports, (1926- 
1931). 


Jamaica Official Medical 
Reports. 


Jamaica Annual Report of 
the island Medical 
Department (1928). 








MarTINIQUF. 


Locality and Date 





Authority 





Saint-Pierre 


Fort-de-France 
Hospital 


St. Lucia. 


Locality and Date 


~e 


Fiévre bilieuse grave. 


Saint-Pierre, ou du moins _ l’appareil 
symptomatique qu’on lui attribue y présente 
rarement le méme developpement que dans 
les lieux ou elle parait étre endémique ’ 
(p- 36). 

‘On peut dire que Il’hématurie, telle qu’elle est 
décrite pour l’ile Maurice ou la Réunion, 
n’existe pas a la Martinique ; je n’en ai pas 
vu un seul cas’ (p. 273). 


(Fiévre bilieuse hématurique). 

‘M. l’Abbé C. agé de 42 ans, d’une 
constitution ruinée par un trés-long séjour 
dans les colonies, entre a1’ pital le 4 Octobre 
et meurt le 19 du méme mois.’ 


‘La Bilieuse hémoglobinurique est rare (as 
compared with the prevalence in 
Guadeloupe).’ 





| 


_ Rufz de Lavison (1869). 


‘Cette fiévre. . . . tantot hémorrhagique tantot | 
ictérique, etc., mais distincte cependant de | 
la fiévre jaune, cette fiévre est rare a | 


| 
| Manceaux, T. L. (1872). 
| 


| 


| 


! 


| Brault, J. (1907). 


Authority 





St. Lucia 


or 


“| © After 


Of the History of the Remittent. 
the first remission... . all 
| preceding symptoms increased, with the 
| addition of a foul tongue, a yellowness of the 
| eyes, and in some cases, an universal tinge, 
| delirium, urine in small quantities and very 
| highly coloured, imparting an offensive smell, 
often a difficulty in voiding it, which some- 
times came to a perfect stoppage... .’ (p. 59). 
‘A comatose disposition, remarkable dejection, 
coldness of the skin, partial cold sweats, 
| hiccup, involuntary stools, subsultus tend- 
inum, loss of speech, etc., were certain signs 
of danger’ (p. 60). 


Case LVI. Intermittent ; blood fluid.— 

| *G.B., Esq., a planter... . .has suffered 
several attacks of intermittent... . June 17, 
1831,.... great restlessness ; tension of the 
abdomen ; pain or (on) pressure over the 
ep.gastrium ; considerable thirst ; vomiting 
of everything taken into the stomach; 
tongue clean and moist; pulse 120, and 
weak; conjunctivae yellow; countenance 
anxious, fear of death.’ 





the | 


| Rollo, J. (1781). 


{ 


Evans, W. J. (1837). 
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St. Lucita—continued. 





Locality and Date 


Cases 


Authority 





St. Lucta—continued 


1831 


1830 


St. Lucia 





- 


18th, morning. Countenance very anxious ; 
the whole body of a deep yellow colour ; 
patches of cutaneous ecchymosis, here and 
there of a purple colour ; . has passed 
a quantity of urine of a black or port-wine 
colour, thick and turbid ; this colour 
depends upon a dark-coloured substance 
diffused through it, and which when allowed 
to repose, falls to the bottom of the tumbler 
in the form of a dark precipitate, resembling 
black snuff ; the super-jacent urine becoming 
clear and of a dark-red colour.’ 

26th. Patient is well’ (p. 139). 


Case LXIX. Yellow suffusion, bloody urine, etc. 

‘He has suffered two or three times from 
intermittents.... December 12th, 1830.... 
the conjunctivae and the surface of the body 
of a greenish yellow colour; patches of ex- 
travasation on the chest , but not extensive; 
incessant vomiting of green fluid.... 
difficulty and pain in micturition ; the urine 
received in a tumbler is thick, turbid, of a 
dark colour, and deposits a quantity of 
grumous blood; ....’ 

.. the morning of the 13th.... 
passed his urine which no longer contained 
blood, but which threw down a lateritious 
sediment.’ 
14th ... . convalescent’ (pp. 167-167). 
State of the Urine. 

. . « » It often contains blood, which falls to 
the bottom of the chamber-pot, in the form 
of a black grumous sediment ; now and then 
it is clear, and of the colour of port-wine. 
Under every circumstance it is acid, and has a 
strong action on litmus paper’ (p. 245). 


Several species of a spurious cinchona are 
found in many of the West India islands. 
That found in St. Lucia has been described 
under the names of quinine or Ecorce de 
Ste. Lucie ; cinchona floribunda ; cinchona 
montana; trachelium arborescens’ et 
fluviatile, etc., etc’ (p. 309). 


Cases Deaths Year 
No records (1920) 
» (1921) 
» (1922) 
oe w+ (1923) 
ws .-» (1924) 
ioe w+ (1925) 
2 2 (1926) 
wee w+ (1927) 
eee -- (1928) 
coe w+ (1929) © 





Evans, W. J. (1837). 


St. Lucia Official Medical 
Reports. 








| 
| 





St. VINCENT. 
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Locality and Date 


’ St. Vincent 


ais ; Cases 


| Cases 


Authority 





Year 


Not recorded (1920-1930) 


TRINIDAD AND ToBaGo. 


Locality and Date 


Trinidad 


Trinidad and Tobago ... 


| 


| 
| Cases 





.. ‘ Blackwater fever is so extremely rare in this 


Colony. . . . In fact it was believed not to 
exist in Trinidad. .. no cases were reported. 
During the last eighteen years’ practice I 
have heard of only three cases, and the case 
under review. . . . all these cases occurred 
recently (two this year and two in 1898-9) 
and in different parts of the Island.’ 





Trinidad Tobago 
Cases Deaths Cases Deaths Year 
2 a hie we (1914-5) 
ii — “ i (1905-6) 
4 2 (1906-7) 
fo) 4 (1907-8) 
2 I (1908-9) 
| in 3 (1909-10) 
| I I (1910-11) 
I I (1911-12) 
I an (1912-13) 
I I nit w+ (1913-14) 
I 2 “ w» (1914-15) 
I wee w- (1915-16) 
vi son 1 (1917) 
I 1 (1918) 
Ps ia 1 (1919) 
I ia ... (1920) 
I ~ we (1921) 
mn ine + (1922) 
xs (1923) 
5 (1924) 
is (1925) 
“ne mt .-» (1926) 
3 wn .-- (1927) 
I e w» (1928) 
as ee se .» (1929) 
| 20 4 (1930) 
2 O (1931) 











St. Vincent Official 


Medical Reports. 


Authority 





Bennett ,R. C. (1900). 


Trinidad and Tobago 
Official Medical 
Reports. 
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A RECORD OF AN _ INVESTIGATION 
INTO THE ACTION OF SERA ON THE 
TRYPANOSOMES PATHOGENIC TO MAN 


BY 


A. R. D. ADAMS 


(Receved for publication 6 February, 1933) 


In May, 1930, I was seconded for fifteen months to the Human 
Trypanosomiasis Institute, Entebbe, Uganda, to pursue a line of 
investigation into the action of human serum, 7” vitro, on the trypano- 
somes pathogenic to man. Unfortunately, from my point of view, 
I. rhodesiense has been found but recently and in odd cases only 
in the West Nile district of Uganda, and fresh strains of this parasite 
were unobtainable locally; there were, however, a number of 
strains of 7. gambiense and T. rhodesiense in laboratory animals 
at Entebbe, and some initial work was performed with these to find 
out whether the technique for the maintenance of the parasites 
in vitro at 37° C. already described (Yorke, Adams and Murgatroyd, 
1929) was satisfactory under the conditions obtaining there. The 
stock of laboratory animals consisted of monkeys, rabbits and 
guinea-pigs, whereas in the original work mice alone had been used as 
the source of the parasites. Guinea-pigs, although suffering from 
several disadvantages, more especially the slowness of development 
of an infection in them, were used for many experiments, and a 
technique was evolved whereby, even though the number of parasites 
in the peripheral blood was small, a sufficient quantity could be 
obtained by heart puncture and the centrifugation of several cubic 
centimetres of citrated blood in Ringer-glucose solution to enable 
experiments to be performed. The removal of the serum and red 
cells by centrifugation was followed by a single washing of the 
parasites in further Ringer-glucose solution, and the parasites were 
consequently obtained relatively free from the accompanying 
serum. Several attempts were made to wash the parasites in 
three or four changes of Ringer-glucose to free them yet more from 
serum, but owing to the inadequacy of the available centrifuge the 
period of time necessary for this treatment militated very con- 
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siderably against its general usage ; a further deterrent to its routine 
adoption was the fact that the parasites were found to die relatively 
rapidly even at room temperature (25°C.), unless a reasonable 
proportion of serum was present in the suspending fluid. 

Examination of a large number of sera as media showed that the 
deactivated sera of rabbits, sheep, goats, guinea-pigs and monkeys 
(Cercopithecus sp.) were suitable for the maintenance of the trypano- 
somes at 37° C. for periods up to 48 hours. Rabbit serum was at 
first used as the usual medium, and this was later replaced by the 
serum of a sheep—sheep 27—which was used consistently after it 
had been demonstrated that this particular serum possessed no 
antagonistic action to the trypanocidal body in normal human serum. 
The use of the serum of a single such animal has many practical 
advantages over that of sera from a variety of small animals such as 
rabbits or guinea-pigs, and the ease with which large amounts of 
serum could be obtained in a sterile manner at frequent intervals and 
with a minimum of preparation from such an animal greatly 
facilitated work under the existing conditions. 

A systematic study of the reactions to normal human serum 
in vitro of the existing laboratory strains was undertaken, after the 
preliminary work on technique was completed, in order to determine 
whether any difference existed between the sera of Europeans and of 
natives. It was found that the serum of a normal healthy native was 
trypanocidal to the same degree as that of a healthy normal European, 
and, further, that when a number of healthy native sera were used in a 
single experiment consistently similar results were obtained in 
regard to the trypanocidal titres of the sera. The majority of the 
native bloods were found to contain various larval filariae, but 
infection with these helminths did not have any effect on the trypano- 
cidal titre of the serum 2 vitro. 


T. GAMBIENSE 


Four strains of T. gambiense from Uganda were examined in regard 
to their resistance or susceptibility to the action of normal human 
serum, and in each case the trypanosomes were found to be completely 
resistant to its action 7m vitro for 24 hours at 37° C. over a period 
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of twelve months’ maintenance in laboratory animals. In Table I are 
set forth summaries of some results obtained with two of these 
strains, ‘‘ Yembuga ”’ and “ Itaya,”’ together with some details of the 
histories of their origin and maintenance. They were examined at 
more frequent intervals than is shown in the Table, but for the sake 
of brevity details of all the examinations are not given. 
inspection of Table I it is apparent that transmission neither by 
means of fly passage nor by syringe passage in a variety of laboratory 
animals affected their resistance to the action of normal human 
serum. The two other strains were studied over the same period, and 
similar results were obtained in each case. These results tend to 
confirm the observations of Yorke, Adams Murgatroyd 
(1930) that human serum fastness is a characteristic of 7. gambiense 
and is maintained for a considerable period of time through repeated 
passages in laboratory animals. 

The reactions of these same strains to the sera of animals experi- 
mentally infected and of a man naturally infected with 7. gambiense 
were also investigated ; in addition, they were tested against the 
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Showing the results of examination over a period of two strains of T. gambiense, one maintained by several fly passages and 


the other entirely by syringe inoculation, for their reaction to normal human serum. 
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Yembuga | Man; Uganda, | By fly from man into asheep ; | Guinea-pig 11a, Ist Guinea-pig; 28.8.30 Resistant to 
31.1.29 then by fly through 3] (by fly from 3rd monkey) | 
monkeys ;_ then by fly into | | 37°C, 
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| tained by syringe passage in 37° C. 
| 7 guinea-pigs and finally in os 134, 3rd ” 15.9.30 
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sera of such naturally resistant animals as the baboon. Results 
of such experiments with one of the strains are set forth in Table II, 
from which it will be observed that while a definite complete resistance 
is present against pure normal human serum, such is not the case with 
the other sera examined. The serum of a native sheep which had 
been repeatedly infected over a period of twelve months with several 
strains of 7. gambiense, including the strain used in the experiments, 


Taste II 


Showing the action of various sera on a strain of T. gambiense in vitro at 37° C. 
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" 1/100 _ 48 ose | ee 15 
m= _ Control =| 52 sie na 16 
| | | | | | 
Yembuga | Fowl | on | Pure | oe 40 | 44 | 36 30 
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showed a definite and rapid trypanocidal action. The serum of an 
untreated native naturally infected in Uganda with 7. gambiense 
sleeping sickness and with occasional parasites in his peripheral 
blood showed very little trypanocidal action, whilst that of a baboon, 
which was unsuccessfully inoculated on three occasions with all the 
blood obtainable from monkeys killed while showing a very heavy 
infection of the strain tested, also had comparatively little trypano- 
cidal action. In determining whether this baboon had become 
infected or not, large quantities of blood were sub-inoculated on 
alternate days over a period into monkeys, and, in addition, batches of 
G. palpalis were fed on the animal, but no evidence of the existence 
of living parasites in the baboon could be found. The observations 
are of great interest in view of their obvious inconsistency with any 
thesis that trypanocidal body in the serum is alone responsible for 
immunity against trypanosomal infection. Fowl’s serum was tested 
on several occasions with both 7. gambiense and T. rhodesiense and 
was found to support both parasites intact for 24 hours at 37° C. 
This observation is not so striking as the failure to demonstrate a 
powerful trypanocidal substance in the serum of baboons, as fowls 
have been shown on numerous occasions to be susceptible to a mild 
infection with the pathogenic trypanosomes. The sera of four other 
sheep, each infected with a single strain of T. gambiense, were also 
tested and were found to have slightly less marked trypanolytic 
action on this strain than that of the sheep recorded in the Table. 
These four sheep had not been infected more than a month or so. 
Whilst the serum of the sheep recorded in the Table was equally 
efficacious against two other strains of 7. gambiense, the sera of each 
of these four sheep appeared to show some specificity of trypanocidal 
action against its own strain 7” vitro, in that each serum was slightly 
more rapidly lethal to its appropriate strain. All five infected sheep 
sera, however, had definitely a lethal action on each of the strains of 
T. gambiense put up against them, whilst the sera of a number of 
normal sheep did not exhibit any trypanocidal action. In view of 
the chronic course of the disease in native sheep, it would therefore 
appear that antibodies are produced after infection, which control the 
course of the pathological process, and that these anti-bodies are not 
demonstrable in uninfected sheep in the peripheral blood by 7m vitro 
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T. RHODESIENSE 


The existing laboratory strains of T. rhodesiense were studied and 
a large number of experiments were performed with them. The 
results of the experiments were frequently somewhat ambiguous, 
and it was felt that new strains of T. rhodesiense fresh from man 
should be procured as early as feasible on account of the lack of 
detailed history of the available strains. This was made possible by 
the kindness of Dr. J. F. Corson, of Tanganyika, who supplied four 
strains from the Kahama area of Tanganyika. The strains arrived in 
guinea-pigs and were maintained in these animals, and subsequently 
in mice, when the latter had been imported and tested on their 
arrival at the laboratory and at intervals subsequently. Two of the 
strains were transmitted twice from guinea-pig to guinea-pig by 
Glossina palpalis and their reactions examined after each transmission. 
Each of the four strains showed definite resistance to the action of 
pure human serum on its arrival in the first laboratory animal from 
man. 

Table III shows results obtained with the four strains when 
examined for the action of human serum on them as soon as the 
animals inoculated from man showed enough parasites in the 
peripheral blood to enable an experiment to be performed. From 
this Table it will be seen that a definite proportion of the parasites 
in each case survives exposure to pure human serum for 24 hours at 
37°C. The numbers surviving in the control dilutions of fresh 
undeactivated rabbit serum in each case are very considerably 
greater than those in human serum, and in further controls put up 
with deactivated rabbit serum the numbers were about the same 
as in the fresh rabbit serum. While the human serum figures show 
an early marked falling off in numbers by the 6-hour period, after 
this immediate drop there is a comparatively slight decrease. It 
would appear that a certain proportion of the parasites is sus- 
ceptible to the action of human serum and is killed in a short time, 
whilst the resistant parasites survive the full period of 24 hours 
at 37°C. Strain C was inoculated into guinea-pigs, monkeys and 
mice from the guinea-pig which was infected from man, and it 
was found that inoculation into these various hosts did not appreci- 
ably alter the reaction of the parasites to normal human serum. 
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In each case the proportion surviving at the end of a 24-hour period 
was about the same as when the original guinea-pig was the source 
of the material, and again in each case an initial decrease in the 
number of the parasites was observed. Tested frequently in guinea- 
pigs up to and including the 5th serial animal, and about 6 months 


Taste III 


Showing the effect of normal human serum on four strains of T. rbodesiense recovered from the 
guinea-pigs inoculated directly from man. 
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from its isolation from man, this strain was not found to vary greatly 
in its reaction to normal human serum, the early initial decrease in 
the number of parasites in the stronger concentrations of human 
serum, where no other serum was added in the form of medium, 
remained marked, but no definite evidence of loss of the original 
degree of resistance could be observed ; in the 8th serial guinea-pig, 
however, very obvious loss of resistance became manifest. Table IV 
shows the results of an experiment made with material from this 
animal, and mice inoculated from the animal and used for further 
experiments gave similar results to those recorded in this Table. 


Tasie IV 


Showing the effect of a normal human serum on a strain of J. rhodestense, Strain C, recovered 
from the 8th serial guinea-pig by syringe inoculation, and nine months after isolation from man. 
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Strain C was studied regularly for a further nine months and 
was always found to be rapidly susceptible to normal human serum 
in the stronger concentrations after this period, the action being 
usually complete in the first three or four tubes by the 3-hour 
counting period and apparent in further tubes by the 6- or 12-hour 
counting periods. Strains A, B and D lost their resistance to human 
serum as did Strain C; Strain A was observed definitely to be 
susceptible in the 6th, Strain B in the 5th, and Strain D in the 3rd 
guinea-pigs from man, and during the 5th, 5th and 2nd months 
respectively after isolation. 
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In addition to the examinations im vitro, some experiments 
were performed with mice 1m vivo. A dozen mice were inoculated 
from each of the 5th serial guinea-pigs of Strains A, B, C and D, 
and were treated with varying amounts of the human sera that had 
been used in the 17 vitro tests with parasites from these same guinea- 
pigs. In the case of Strain A, four mice were inoculated with 1-0 c.c., 
four witho-5 c.c.,and four with 0-25 c.c., of serum intraperitoneally. 
Although in all these mice the infection had not become heavy at 
the time of treatment, none was cured, but in all some diminution 
in the number of parasites in the peripheral blood was noted as a 
result of the medication ; in one receiving 0-5 c.c. and in one 0:25 €.c., 
the blood was rendered negative for a period of 48 hours. All the 
mice died of heavy infections ultimately and within a few days 
of the controls. In the case of Strain B, two mice, receiving 1-0 C.c. 
each, were completely cured; the others, with the exception of 
two which had 0-5 c.c. each and became negative for three days, 
were only kept alive for a few days longer than the controls. In 
the case of Strain C, all the mice became negative, with the exception 
of two that had 0-25 c.c. each, for three or four days, but relapsed and 
died in due course; and again with Strain D all became negative for 
three or four days, but again relapsed and died. These observations 
are of interest in showing that none of the four strains was completely 
resistant to human serum 7” vivo at this stage, as can be seen by 
the temporary diminution in the number of parasites in the peripheral 
blood of the treated mice. As the supply of mice was very restricted, 
it was not possible to continue the observations in greater detail ; 
but, as the introduction of foreign sera into animals calls into play 
a number of factors which do not occur 1 vitro, it is doubtful whether 
much further information of value would have immediately accrued 
from 1m vivo experiments. 

In August, 1931, Dr. Corson again very kindly supplied strains 
of 7. rhodesiense from cases in M’wanza, Tanganyika Territory. 
These strains, six in number, arrived in rats, but were all some 
months old and had been passed through a number of animals. 
They were examined soon after their arrival at Entebbe and the 
results of the examinations are set forth in Table V, together with 
the histories of the strains as supplied by Dr. Corson. Consideration 
of this Table shows the fact that none of these strains was then 
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TaBLe V 


Showing the action of normal human serum on six strains of T. rhodestense received aftcr they had been kept in laboratory 
animals for varying periods by syringe passage. 





Concentration of normal 
H.S. in deactivated 


Number of parasites per 
256 squares of the 










































































Date Date Period serum of sheep 27 haemocytometer scale 
examined | Strain isolated Laboratory history | out of man and Ringer-glucose —— 
from man solution 3 6 12 24 
Start | hours | hours | hours | hours 
17.9.31 | Bupamba | 25.3.30 | Goats, guinea-pigs, 18 months Pure 9 fe) 
rats, t hyrax and 1/2 13 Oo one 
5 mice. 1/5 32 I fo) 
1/10 30 I fe) 
1/25 33 18 ° ) 
1/50 38 19 7 
1/100 oes 28 12 4 
1/250 46 42 18 
1/500 era ae 26 
1/ 1,000 we vl 30 
Control 43 28 
14.8.31 | Kanawata| 24.5.31 | 4 rats and 2 mice. 3 months Pure fe) ove 'd 
1/2 ° wi j 
1/5 2 fo) eee 4 
1/10 5 2 o 
1/25 7 4 ° 
1/50 28 3 fe) iss 
1/100 36 17 I a) 
1/250 me 23 3 3 § 
1/500 244] 18 | 4 
1/1,000 ‘its ani _ 27 17 
Control 38 en 34 eee 27 
17.9.31 | Nangiwa 24-5-31 | 3 4ratsand 1 mouse. 4 months Pure 5 fe) eee 
1/2 9 fe) eee 
1/5 II 5 ° en 
1/10 18 3 2 fe) 
1/25 17 12 4 I 
1/50 23 14 5 I 
1/100 ats 24 12 ¢ 
1/250 28 14 13 
1/500 27 18 14 
1/1,000 whi dee 22 23 
Control 32 20 
17.9.31 | Lambo ...| 11.6.31 | 1 hyrax, 3 rats and | 3 months Pure 3 ° 
6 mice. 1/2 4 ° 
1/5 13 I 
1/10 18 4 
1/25 40 10 a is 
1/50 46 18 3 o 
1/100 sil 26 16 6 
1/250 32 22 26 
1/500 _ 42 38 24 
1/1,000 45 oe ees 36 
21.8.31 | Solezi 3-5-31 | 3 rats and 2 mice. 34 months Pure I ) 
1/2 O 9) — = 
1/5 30 | «32 3 c 
1/10 46 34 7 I 
1/25 em 42 16 2 
1/50 ins 24 10 
1/100 36 28 
1/250 eee 32 
1/500 34 
1/1,000 “ 38 
Control 52 36 
14.8.31 | Paulo 2.7.31 | 3 rats and 1 mouse. | 14 months Pure 6 fe) fe) 
1/2 5 3 fe) 
1/5 44 | 21 o : 
1/10 ove 52 14 2 
1/25 vn 34 m6 6CO& 
1/50 38 19 
1/100 one 40 
1/250 38 
1/500 46 
1/1,000 _ — ia 
__ Control 48 50 56 
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human serum fast, but that all were rapidly killed by being exposed 
to strong concentrations of the serum. The most recently isolated 
of the strains was ‘ Paulo,’ which had been about six weeks out 
of man but had been passed through four animals in that time. 
This strain and ‘ Solezi,’ which was three months old, were killed 
im vitro by concentrations of about 1/5 to 1/10 human serum in 
24 hours at 37° C., whilst all the other strains were killed in the 
same period by concentrations of from 1/50 to 1/100 approximately. 
Assuming these strains to have been resistant to the action of human 
serum on isolation, as was the case with the four strains already 
studied, the resistance has again been seen to diminish materially 
in a short time and after passage through only a few laboratory 
4 animals. Possibly the rats through which they had been passed, 
and which much more rapidly succumbed to infection, were respon- 
sible for the more rapid loss of resistance than was the case in 
guinea-pigs. 

Before the second batch of strains was received from M’wanza, 
a strain of 7. rhodesiense used in previous work (Yorke, Adams and 
Murgatroyd, 1929 and 1930) was obtained from Liverpool. This 
strain was isolated from man in 1923 and had been maintained since 
in mice, to which animals it was exceedingly virulent. It was 
maintained during transit in three guinea-pigs, and was sub-inoculated 
into mice and into guinea-pigs on arrival. It was usually put up 
together with other strains as a control during examinations, and 
- was found to be killed by great dilutions of human serum as had 
already been shown by earlier work. It is of interest here to note 
that after it had been maintained in 7 guinea-pigs at Entebbe 
it was inoculated into a sheep which succumbed to a virulent 
infection in 37 days, during which time parasites were present, 
frequently in large numbers, after a negative period of 15 days. 
Six hundred and twenty-four Glossina palpalis were three times on 
alternate days fed on this sheep, while the blood was known to be 
positive by microscopical examination. Of these 624 flies, 409 
survived for 22 days from the third infecting feed, to feed twice on 
each of two clean guinea-pigs. All the flies that died before these 
| final feeds were dissected as they died but no evidence of infection 








in the gut or glands was found, and the survivors were dissected 
after their final feeds on the clean guinea-pigs (i.e., on about the 
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28th to 30th day), with similarly negative results. The guinea-pigs 
were examined carefully for 6 weeks after the flies had been fed on 
them but no evidence of infection was found. This experiment 
would appear to bear out the statement that a strain maintained 
for many years in laboratory animals by syringe inoculation loses 
its capacity for infecting fly. Unfortunately, owing to a variety 
of circumstances, it was not possible to perform the experiment with 
a larger number of flies, but the number used is sufficient to indicate 
that at any rate the ‘ transmissibility ’ of the strain is exceedingly 
slight. 


EFFECT OF FLY TRANSMISSION OF A STRAIN OF 7. RHODESIENSE 
ON ITS REACTION TO HUMAN SERUM 


Three strains were transmitted by fly from guinea-pig to guinea- 
pig on one or two occasions and their reactions to human serum 
noted before and after the passages. In Table VI are recorded the 
results of some experiments of this nature with Strains A, C and D, 
together with details of the transmissions and the results obtained 
with parasites obtained from the corresponding guinea-pigs infected 
by syringe inoculation. It will be observed that, after a single 
fly transmission, loss of resistance to human serum has taken place, 
and that this is not the case when the syringe was the means of 
transference of the parasite. The fact that fly transmission occupied 
a period of roughly a month must be taken into account, as in the 
case of Strain D loss of resistance was already obvious in syringe- 
inoculated animals at the time the fly-infected animal was ready 
to be used, and in the other strains some indication of loss was to 
be discerned. This, however, does not alter the fact that in each 
of these three strains definite loss of resistance to normal human 
serum 7” vitro was observed after a single fly transmission, and, in 
the case of Strain A, a second fly transmission apparently caused 
further loss of resistance, although this loss may have occurred to 
some extent in the intermediate guinea-pig host. In the 3rd serial 
guinea-pig by syringe inoculation, however, no such corresponding 
loss of resistance was observed with this last mentioned strain, 
neither was there any very marked loss noticed in the 4th or 5th 
serial guinea-pigs, but in the 8th guinea pig, as shown in Table IV, 
well-marked susceptibility was apparent, 
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Tassie VI 


Showing the effect of fly transmission on the reaction to human serum of some strains of 


T. rhodesiense. 





Concentration of H.S. 


Number of parasites per 


256 squares of the 





















































Date of Animal and in deactivated serum of haemocytometer scale 
experi- | Strain how infected sheep 27 and Ringer- |—--— ———_|— —|-—— 
ment glucose solution 3 6 12 24 
Start | hours | hours | hours | hours 
19.11.30 A Guinea-pig 188 ; Pure 42 46 44 30 
by syringe from 1/2 48 54 46 33 
Ist guinea-pig 1/5 84 64 56 34 
from man. 1/10 ees eee ane 48 50 
Control 82 78 a $2 
24.12.30 A Guinea-pig 224; Pure ° 
by fly from tst 1/2 fo) ids a* 
guinea-pig from 1/5 56 14 ° 
man. 1/10 72 34 9) 
1/25 eee 54 14 
1/50 56 27 
1/100 53 22 
1/500 ane 9s 26 
Control 68 40 
3-331 A Guinea-pig 228; Pure 12 fo) 
by fly from 1/2 14 ° 
above guinea-pig 1/5 78 18 I 
(22a), 2nd fly 1/10 86 46 ° an 
passage. 1/25 ees 68 10 ° 
1/50 84 12 16 
1/100 oe 36 24 
1/500 _ 120 32 
Control 130 64 
19.11.30 C Guinea-pig 248 ; Pure 38 44 43 36 
by syringe from 1/2 60 56 64 52 
Ist guinea-pig 1/5 “i 60 ues 54 
from man. 1/10 ea 48 
Control 62 56 
g.1.31 C Guinea-pig 248; Pure I ° 
by fly from rst 1/2 5 I ‘te 
guinea-pig from 1/5 48 18 2 6) 
man. 1/10 58 20 8 § 
1/50 72 28 19 15 
1/100 on = 42 26 18 
Control 68 ‘+ ae 36 
D Guinea-pig 21B; Pure 10 ° 
by syringe from 1/2 5 fe) sa 
Ist guinea-pig 1/5 8 5 I ) 
from man. 1/10 33 18 6 2 
1/50 + | 74 | 34 | 14 
1/100 wn ae 32 30 
Control 66 ows 46 
D Guinea-pig 258; Pure ° 
by fly from 1st 1/2 2 wa ai 
guinea-pig from 1/5 32 18 fe) aes 
man, 1/10 36 19 10 I 
1/50 78 52 16 7 
1/100 se one 56 20 15 
Control 72 ees 34 
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T. BRUCEI 


Two strains of T. brucei were studied in vitro. The first, referred 
to as the N’songezi strain, was obtained by me in the Ankole district 
of Uganda in May, 1931. No human cases of trypanosomiasis are 
known to occur in this district, but all the domestic stock has been 
evacuated from the area on account of nagana, and the country 
consists of bush populated by large herds of many species of game, 
and is heavily infested with Glossina morsitans. Three dogs were 
taken into the area and on two of them between 1,000 and 2,000 
wild morsitans were fed as they were caught over a period of ten days. 
The third animal was left in the district and allowed to wander at 
random with boys engaged in clearing bush. All three dogs 
developed infections, those on which caught flies were fed showed 
parasites inside two weeks and the third animal died within 3 months 
of its entry into the area. The strain examined was obtained from 
one of the first two animals referred to, and was subsequently kept 
in guinea-pigs and mice. It resembled 7. brucei in its morphology 
and in its virulence to laboratory animals. The second strain of 
T. brucei was supplied by Dr. Corson and had been originally 
obtained from Mr. Hornby in Tanganyika. It is referred to as 
Hornby’s virulent bruce: and was recovered from a heifer in April, 
1927, and had since been maintained in rats, guinea-pigs, rabbits 
and some goats. In Table VII are set forth some typical results of 
experiments to determine the reactions to normal human serum of 
these two strains. From this Table it can be seen that both strains 
are definitely susceptible to the action of normal human serum 
in vitro, but that their susceptibility is no more marked than that 
of strains of T. rhodestense after a few months’ passage in laboratory 
animals ; it is consequently difficult to understand why such strains 
should not be capable of infecting human beings with lowered 
resistance, as judged by the trypanocidal titres of their sera, if 
immunity to infection can be estimated by such means. That the 
second of these strains, however, is not infective to man is indicated 
by Corson’s experiment (1932), in which flies infected with it were 
allowed to feed on two European volunteers, neither of whom 
developed an infection. 
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Tasie VII 


Showing the reaction to normal human serum of two strains of T. brucet. 
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Concentration of Number of parasites per 
| hu nan serum 256 squares of the 
Date of Strain When in deactivated serum haemocytometer scale 
experi- isolated of sheep 27 and 
ment Ringer-glucose 
solution 3 6 12 24 
Start | hours | hours | hours | hours 
12.5.31 | N’songezi April, 1931 Pure 42 ) . 
bruces 1/2 48 fe) se ‘i 
1/5 s9 | 30 | 1 | © 
1/10 62 42 9 O 
1/25 one 52 15 5 
1/50 48 21 It 
1/100 50 46 25 
1/250 das tnd 39 
| 1/500 40 
1/1,000 win 46 
Control 54 48 
18.8.31 | Hornby’s April, 1927 Pure 5 fe) 
; virulent | 1/2 14 fe) * 
‘ brucei 1/5 wi 44 28 ° ~_ 
1/10 én 46 32 I fe) 
1/25 ‘inn 44 46 fe) fe) 
1/50 oes wt 48 3 fe) 
1/100 wae in 52 19 9 
1/250 aes ‘in on 39 II 
1/500 “as wine 70 ed 32 
| 1/1,000 see “ee eee 38 36 
| Control 68 ‘a 74 52 46 
DISCUSSION 
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Whilst the complete resistance to the action of pure human 
serum is what would be expected with T. gambiense, the obvious 
inferences to be drawn from the experiments with T. rhodestense 
strains are that human serum fastness occurs in a strain of parasites 
which has gained a footing in man, due to initial lowered resistance 
on the part of the individual, and that once so established it may 
become potentially capable of infecting normal healthy individuals 
by mechanical means, but not by means of cyclical development 


in Glossina. This hypothesis would supply a satisfactory explana- 


tion of the epidemiology of endemic and epidemic sleeping sickness 
Corson (1932), however, since the above work 


due to T. rhodesiense. 
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was done, has published a record of his striking experiments per- 
formed with two of the strains investigated by me in the course of 
this work. He successfully infected himself with the strain 
‘ Bupamba’ by sub-cutaneous inoculation, after the strain had been 
maintained in goats, sheep, rats and guinea-pigs by syringe passage 
for 19 months, and had then been transmitted cyclically by fly. 
He records of this strain that: ‘ After maintenance in goats for 
three and six months it showed a greater susceptibility to human 
serum, as tested in subinoculated rats, than fresh strains of 
T. rhodesiense from man. The susceptibility to human serum was 
again tested sixteen months after its isolation from man, and was 
found to be much the same as at six months.’ I myself found it 
to be definitely killed by human serum to a dilution of about 1/25 
in 6 hours and to about 1/100 in 24 hours 1m vitro at 37°C. after 
18 months in experimental animals (cf. Table V). It would, there- 
fore, appear from this single experiment of Corson’s that human 
serum fastness is not necessarily a criterion of capacity to infect 
man, assuming that Dr. Corson possesses the normal amount of 
trypanocidal body in his serum. In the case of the baboon, the 
converse has already been shown to be the case, namely, that com- 
plete immunity to infection is not coincident with high trypanocidal 
titre of the serum; and, again, it is above shown that in the case 
of T. brucei the resistance to the action of normal human serum is 
not as great as would be expected from the observations on an old 
laboratory strain. The further pursuit of such lines of investigation 
should materially assist in clarifying the position as to the power 
of mutation of one form of these parasites into another, and also in 
elucidating a number of, so far, unsatisfactorily explained points 
in the epidemiology of the conditions caused by them. The end 
point in all experiments of this nature must be man himself, as, 
without being in a position to put hypotheses to the crucial test 
on a reasonable scale, it will be difficult even to approach finality on 
the subject. 
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SUMMARY 


1. A technique, already described in previous publications, 
was employed to determine the action of normal human serum on 
strains of 7. gambiense, T. rhodesiense and T. brucei in vitro. 
Certain modifications were introduced, so that guinea-pigs could 
be used instead of mice, as in the original work, until the latter 
animals became available. 

2. The deactivated sera of rabbits, sheep, goats, guinea-pigs 
and monkeys (Cercopithecus sp.) were all found to provide suitable 
media for the maintenance of the pathogenic trypanosomes for 
periods up to 24 hours 7” vitro at 37° C. 

3. No differences in the amount of trypanocidal body present 
in the sera of healthy natives and those of healthy Europeans could 
be detected. Filarial infection did not affect the amount present 
in native sera. 

4. Four strains of T. gambiense were studied over a period of 
12 months, and no evidence of susceptibility to the action of human 
serum could be detected in any of them throughout this period. 
Passage of the strains through fly did not affect their complete 
resistance. 

5. A strain of T. gambiense was tested against the serum of a 
case of sleeping sickness, the serum of a multiple-infected sheep, 
and the sera of a baboon and some fowls. All were trypanocidal to 
a greater or less degree, with the exception of the fowl serum, that 
of the sheep having the most pronounced lytic action. The sera 
of four other more recently infected sheep were also trypanolytic, 
and some degree of specificity of action on their appropriate strains 
was discerned. 

6. Four strains of 7. rhodestense in the guinea-pigs inoculated 
from man showed a definite degree of human serum-fastness. Their 
resistance was not absolute, but a proportion of the parasites was 
rapidly susceptible to the higher concentrations of normal human 
serum, while the remainder was resistant. : 

7. Transference of strains of 7. rhodestense through small 
laboratory animals by means of syringe inoculation rapidly caused 
loss of human serum resistance, and by the 3rd, 5th, 6th and 8th 
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serial animals evidence of complete susceptibility to dilutions of 
serum down to at least 1/10 was apparent in 12 hours at 37° C. 

8. After a single cyclical transmission of three strains of 
T. rhodesiense through Glossina palpalis, considerable loss of 
resistance to the action of human serum was observed. A second 
cyclical passage through fly caused some further loss of resistance. 

g. Six further strains of 7. rhodesiense, first examined after 
each had been passed through several animals over a period of a 
few months, were studied and found susceptible to human serum 
to a definite degree. 

10. Two strains of T. brucei, one freshly isolated from an area 
devoid of human trypanosomiasis, and the other a four-year-old 
strain, were susceptible to the action of human serum, but to a less 
degree than would be anticipated from a study of old strains of 
T. rhodestense. 

1z. From an examination of the data presented here, and in view 
of more recent experiments by Corson (1932), it is clear that human 
serum sensitiveness is not an indication of lack of ability to infect 
man, and that, conversely, immunity depends on further factors 
with which we are not fully conversant. 

12. An observation is recorded that an old laboratory strain 
of T. rhodesiense, ten years in small animals and not in contact with 
fly during that time, was rapidly fatal to a native sheep when 
inoculated sub-cutaneously, and failed to infect at least 400 Glossina 
palpalis when fed on this animal while its peripheral blood was 
shown to be positive microscopically. 
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The comparative study of the male terminalia of 41 species of 
Musca as described in the first paper (1932) of this series has not 
only demonstrated the great value of these structures in discovering 
the true affinities and relationships of the species, but has also afforded 
the only certain means of understanding the apparently anomolous 
and atypical forms. This study has also greatly facilitated the 
present revision by clearing up the identity of closely related species 
which was not otherwise possible. 

In the present paper is given a practical guide to the 16 species 
: of the Palaearctic region known to me at present. In order to 
facilitate the ready recognition of the species, not only from this 
region, but also from the other zoo-geographical areas, which will be 
dealt: with in succeeding papers, it is necessary at the outset to 
explain certain diagnostic characters which will frequently be referred 
to in the keys and descriptions. The technique employed in making 
permanent microscopic mounts of the male terminalia is also 
described. These explanatory notes will not only be useful in this 
genus but also in others to be dealt with later. 
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NOTES ON CHARACTERS OF USE IN IDENTIFICATION 


HEAD. VERTEX. By the term vertex is here understood the 
space between the inner margins of the eyes on the anterior part of 
the head in both sexes. It is commonly referred to as the front or 


frons. In the male it is always narrower than in the: female. - It 
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extends from the upper margin of the head to the bases of the 
antennae in the middle, and down the sides to about the level of the 
end of the third antennal segment. In flies which have been pinned 
before the head has properly hardened, and the ptilinal suture closed 
after the withdrawal of the ptilinum, the vertex is often collapsed, 
and then a very erroneous idea of its width is gained. 
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Fic. 1. a.—Head of male M. sorbens (Sierra Leone), showing narrow type of vertex ; 6.—Head 
of same (India), showing slightly narrower vertex ; c.—Head of male M. ventrosa, showing linear 
vertex ; d.—Head of male M. bezzii, also showing linear vertex ; e.—Head of male M. domestica, 


showing the wide type of vertex. 








Fic. 2. Head of female M. domestica ;—note width of vertex and double row of outer 
vertical bristles. 
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MALE. There are three main types of vertex in the males which 
will be referred to as follows :—(1) Vertex wide, eyes widely 
separated. EXAMPLES. Vertex of the male domestica (fig. 1, e), 
vicina, inferior and fletchert. In domestica (fig. 1, e) the vertex is 
approximately half the width of an eye, while in vicina it is about 
one third. The vertical stripe, a broad dark stripe, which extends 
almost the whole length of the vertex, is well developed in all the 
above four species, and is bordered by the usual convergent, inner 
vertical bristles. (2) Vertex marrower, eyes well separated. 
EXAMPLES. The vertex of the male of sorbens (fig. 1, a, b), nebulo, 
lucidula, vitripennts, crassirosiris, etc. In these species the vertex 
is narrower, varying from one-fourth to one-seventh the width of an 
eye. (3) Vertex linear, eyes closely approximated. EXAMPLES. 
The vertex of the male of bezz11 (fig. 1, d), baker1, autumnalis, larvipara, 
hervet, ventrosa (fig. 1, c) and others. In these species the eyes are 
separated by a narrow to a very narrow vertical line; this is the 
type of vertex which is common to most of the large species of the 
lusoria group. 

FEMALE. In the females the vertex is always wide, and the sides 
are usually of a creamy or yellowish-white colour. There is in most 
| a broad, dark vertical stripe which varies in width in the species. 
It is very wide, and has bulging sides in domestica (fig. 2), bezzit (fig. 
3, a) and others, whereas in lucidula and albina (fig. 3, b) it is narrow 
and. has straight sides. 

VERTICAL BRISTLES. In both sexes the vertical stripe is bordered 
on both sides by a row of 7 to 12 convergent, inner vertical bristles 
which vary in size and even in position in the species. On each side 
of the vertical stripe from about the level of the bases of the antennae 
to about the level of the ocellar triangle, there are in the female one 
or more rows of smaller bristles and hairs, the outer vertical bristles 
and hairs. In tempestiva, vitripennis, conducens (fig. 4), they are 
arranged in a single row ; in most of the species of the /usoria group 
they are arranged in two or three rows (fig. 3, a); in albina (fig. 3, b) 
and lucidula, especially the former, there are four or even five rows 
of small hairs arranged somewhat irregularly. The width of the 

vertex and that of the vertical stripe, and the arrangement of 
the outer vertical bristles and hairs, are useful subsidiary characters 











in identification. 
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Eyrs. VESTITURE. In the majority of species there are no hairs 
between the facets, and the eyes are said to be bare. In some, 
however, the hairs are numerous and long, and are easily detected, 
as, for instance, in the male of vitripennts, of interrupta and albina, 
and in both sexes of dasyops. In both sexes of gibsoni and hervet, 








Jp 
Fic. 3. 4@.—Head of female M. bezzii, showing three rows of outer vertical bristles ; b.—Head of 
‘emale M. albina, showing the narrow vertical stripe and 4-5 rows of outer vertical hairs. 








Fic. 4. Head of female M. conducens, showing the single row of outer vertical hairs. | 


on the other hand, the hairs are scanty and very small, and can only 
be detected with a high magnification. FACETS. In many species, 
as for instance xanthomelas, spinohumera, sorbens and others, there 
is an area of large facets on each side of the vertex about the middle.. 
Paps. The palps are long and vary to some extent in the 
species ; they are always more slender in the male. In the majority 
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they are black, but in crassirostris, inferior and sentor-whiter, and to 
some extent in conducens, they are yellowish. 

Proposcis. The proboscis is retractile in all the species. It 
exhibits the early phases in the evolution of the non-retractile, blood- 
drawing proboscis of Stomoxys and Glossina. A short comparative 
account with illustrations of the proboscis of the seven species which 
exhibit these changes has been given in another paper (1933). The 
bulbous mentum of crassirostris (fig. 5), and to a less extent that of 
inferior, is a most useful subsidiary character in the identification 


\ 
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Fic. 5. Head of female M. crassirostris, in side view, showing the bulbous mentum. 


of these two species. It is quite common to find specimens of both 
with the proboscis extended, the labella drawn back and the 
prestomal teeth everted. In some species the labella are longer 
and slightly narrower as in tempestatum. 

THORACIC MARKINGS. MEsonoTuM. In the majority of the 
species as exemplified by domestica, nebulo, crassirostris, lusoria, 
bezz11, etc., the mesonotum is marked with four dark stripes, two on 
each side of the middle line; these species are referred to in the keys 
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as ‘mesonotum with four dark stripes.’ In a few, as for instance 
sorbens, vetustissima, tempestaium, fasciata, etc., the stripes of each 
side are fused to form a single one, and these species are referred to as 
“mesonotum with two dark stripes.’ In the female sorbens, the 
single stripe of each side is divided Y-like in front of the suture, but 
behind it there is only one stripe as in the male. In some species 
the inner pair are distinctly and constantly narrower than the 
outer pair. In the males of a few species such as albina, vitripenms, 
lucidula, and to some extent in tempestiva, the mesonotum is metallic, 
and there are no visible markings, except faint ones as in ¢empestiva. 
These mesonotal markings are most useful in eliminating the species 
in the keys. When looking for them it is most important to examine 
the mesonotum in a good light and from all angles, and care should be 
taken not to confuse the light grey stripes between the dark ones, 
as is so frequently done by the beginner. 

THORACIC BRISTLES. The number and arrangement of the 
mesonotal bristles are of some use in identification, provided that it 
is remembered that, as in the case of bristles elsewhere, they are 
variable in size, number and arrangement. There are normally 
on each side three dorsocentrals anterior to the mesonotal suture, 
the presutural, and four posterior to it, the postsutural. There is 
only one pair of acrostichals at the posterior end of the mesonotum. 
These bristles may be reduced in size and number, and may even 
be wanting in species in which they are normally present. In 
crassivostris there are only two presutural dorsocentrals and two 
behind the suture, one as a rule being small. In albina there is a 
further reduction, there being only one presutural dorsocentral and 
one postsutural, and the acrostichals are wanting. The sternopleurals, 
which are always arranged 1:2 (one anterior and two posterior), 
are present in all the species with the single exception of albina, in 
which they are wanting in both sexes. It is, of course, necessary 
to know where to look for these thoracic bristles, and the reader is 
referred to the drawings illustrating the chaetotaxy of the thorax 
in Part I of my book, ‘ Insects, Ticks, Mites, etc.’ 

WING. VENATION. In all the species except /ucidula, vein 
M,+2 joins R,+;, and cell R, is closed. Although in the majority 
of the species the bend of vein M,+, is an elbow bend, in tempestiva 
and tempestatum the bend is more rounded. 














333 


WING PiLoTaxy. The presence or absence of small bristles 
and hairs on the ventral surface of vein R,+, is a subsidiary character. 
These hairs may be limited to the part of the vein proximal to the 
radio-medial cross vein, or they may extend up to the level of the bend 
of M,+2. In most of the species of the domestica and sorbens groups 
they are localised to the proximal part of the vein, with the single 
exception of planiceps in which they are present all along the vein 
up to the bend of M,+.. In most of the species of the /usoria group, 
on the other hand, the bristles are present all along the ventral 
surface of R,;; to the bend of M,+,. It should be remembered that 
these small bristles are readily detached when the flies are handled, 
the calyces then alone indicating their presence. It is also not 
uncommon to come across specimens of species in which these 
bristles (which they normally possess) are wanting. When 
looking for the bristles it is necessary to use a strong lens and to 
examine the ventral surface of R,;;. The hairs on the upper surface 
of R at its base are very variable and are commonly dislodged. 
SQUAMA. In one species, inferior, there is a number of long, 
delicate hairs on the upper surface of the squama about the middle ; 
this is a useful character in separating inferior from fletchert, which 
resembles it somewhat and in which they are wanting. 

ABDOMEN. DORSAL SuRFACE. As already pointed out in the 
first paper (1932), only four terga are visible from the dorsal surface, 
the apparent first being a compound sclerite consisting of the fused 
first and second terga. In the keys and descriptions which follow, 
this apparent first tergum is referred to as terga I and 2. The 
fifth tergum (apparent fourth) is the last visible one, and will be 
referred to as tergum 5. The sixth and remaining terga are tucked 
away on the ventral surface of the abdomen in the male, and in the 
female form the ovipositor. The visible terga may be of uniform 
colour as in ventrosa, or, as in the majority of the species, they are 
marked with stripes, bands, silvery spots, etc. It should be 
particularly noted that the descriptions of these colour markings 
are drawn up with the head of the specimen directed towards the 
observer, and, therefore, when using these descriptions the specimen 
must be viewed that way. VENTRAL SURFACE. Normally the 
five visible sterna are orange in colour, but in quite a number of 
males the first is dark brown, as is also the distal end of the fifth, 
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especially at the sides. In the male of larvipara and autumnalis, 
and in those of several others, the second sternum is also dark brown 
to black. In the male of hervei (fig. 6) and that of bakeri, all the 
sterna are black, and in the former the adjoining edges of the terga 
are also black. In the females the sterna are either orange, dark 
grey or black. 





Fic. 6. Ventral view of abdomen of male M. hervei, to show the black sterna and adjacent 
edges of terga. 





MALE TERMINALIA. THE MAKING OF PERMANENT MOUNTS. 
As the terminalia are of the first importance, not only in discovering 
the affinities and relationships of the species, but also in separating 
closely allied forms, it is necessary to describe briefly the technique 
which has now been successfully employed in making hundreds of 
permanent mounts of the parts. If a number of specimens are 
available, either the entire fly or only the abdomen is placed in a 
small dish in I in Io per cent. caustic potash. In removing the 
abdomen, care is necessary in order to detach the first sternum without 
tearing it. If, on the other hand, only one specimen is available, one 
of two methods can be employed in removing the terminalia so as to 
avoid mutilating the specimen more than is necessary. (1) With 
a pair of fine, sharp scissors a slanting cut is made across the end 
of tergum 4 (apparent third), making sure to include the fifth sternum. 
(2) With a fine needle, a good light and a binocular microscope, the 
fifth tergum (apparent fourth) can be slowly separated from tergum 
4 (apparent third), so as to include the fifth sternum as well. I 
have found it most unsatisfactory to try and scoop out the terminalia~ 
with a blunt bent needle, as almost all the parts get damaged beyond 
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repair. If, when making the cut or separating the fifth tergum 
with the needle, the abdomen should come off, as it often does in dry 
specimens, it should be allowed to fall into a small dry dish and the 
dissection completed ; the abdomen can then be replaced with the 
aid of a minute drop of Canada balsam. 

The specimen, whatever it may be, is left in the caustic 
potash until all the soft parts are destroyed and the chitin 
sufficiently decolourized, the amount of the latter depending on the 
specimen. The potash is now removed with the aid of a pipette and 
the specimen thoroughly washed in several changes of water. It is 
now passed through two changes of 70 per cent. alcohol to absolute 
alcohol, in which it is left for several hours. The absolute alcohol 
is now replaced by clove oil, and when the specimen is cleared the 
parts are dissected off with the aid of fine needles, a good light and a 
binocular microscope. It will be noted that the specimen is not 
removed from the glass dish during this preparatory treatment, the 
various fluids being changed with the aid of pipettes. 

If the entire fly has been so prepared, the abdomen is first dissected 
off. The first five sterna are now detached from the terga. The 
fifth tergum bearing the terminalia is next separated from the 
fourth. The fifth, sixth and seventh terga are next dissected away. 
The anal cerci are then separated from their attachments to the 
tenth tergum, and in doing so great care must be taken not to damage 
or detach the small distal segment of the ninth coxite, which is very 
small in Musca and allied genera. The long lateral processes of the 
tenth tergum are detached from their articulations with the ninth 
tergo-sternum, as are also the proximal segments of the ninth — 
coxite. The distal segment of the ninth coxite is now separated 
from the cercus of its side and left attached to the large, hand-like,. 
proximal segment. The phallosome and parameres are now left | . 

‘attached to the ninth tergo-sternum, and the most difficult part. of _. 
the dissection is their removal intact. This is best accomplished | 
by turning the ninth tergo-sternum over and passing a fine needle 
under the apodeme of the phallsome, at the same time steadying the 
‘ } ninth tergo-sternum with the other needle; the phallsome and 
attached parameres can then be gently detached together so that the 
latter retain their natural relationships to the former. When, as in 
the case of the single specimen, the fifth tergum and sternum have 
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been removed and prepared as noted above, the fifth sternum is 
detached from the seventh tergum, and the remainder of the 
dissection continued as described above. 

When all the parts of the terminalia have been dissected off, a 
small drop of Canada balsam is placed on a glass slide, and each part 
is lifted out on a needle and placed in it, and oriented in a suitable 
manner. The slide is kept covered in a safe place until the balsam 
has set, and, when the parts have become fixed in the desired position, 
some fresh balsam is added, and the preparation is left for several 
days. It often happens that the parts have moved out of the 
desired position, and in that case they must be re-arranged again ; 
a drop of xylol often helps in softening the balsam sufficiently to 
allow of their being moved with the aid of fine needles. It often 
takes days to get a part oriented in the position in which it is desired 
to illustrate it. Finally, when all the parts have set in the required 
positions, fresh fluid balsam is placed over each and a coverslip is 
gently lowered on to them. In this way excellent permanent mounts 
of all the parts are obtained without any compression, and they can 
be studied with high powers of the microscope. I have in this way 
made permanent mounts of the male terminalia of all but those of 
three species of Musca. In the illustrations of the various parts of 
the terminalia accompanying these papers, all the phallosomes and 
parameres have been drawn to the same scale, but not the parts 
of these illustrated around them ; similarly all the anal cerci and all 
the fifth sterna have been drawn to the same scale. The characters 
of taxonomic value are :—The size and structure of the anal cerci, 
especially that of the outer and inner ends of their free borders, the 
size and structure of the fifth sternum and especially that of its 
processes, the structure of the phallosome and its posterior process, 
the structure of the paramere, and especially its posterior part, and 
lastly the structure of the two segments of the ninth coxite. 

THE USE OF THE MALE TERMINALIC CHARACTERS IN FRESH 
SPECIMENS. In only a very few species of Musca can a certain 
identification be made in the case of fresh specimens without any 
dissection by drawing back the anal cerci with a needle, and noting 
the structure of their free margins, In lusoria (Ethiopian) and 
spinohumera (Oriental), the anal cerci have large, stout, projecting 
nipple-like processes at both ends of the free border (see p. 1, fig. 
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15, 5) which can readily be detected by this simple procedure. 
The male larvipara can also be distinguished from that of autumnalis 
by noting the structure of the posterior processes of the fifth sternum 
and the free margins of the anal cerci. As the other parts of the 
terminalia, the phallosome, its posterior process and the parameres 
are extremely small, it is quite impossible to make out the details of 
their structure by examining them in this way. That this is so it is 
only necessary to refer to three illustrations, Nos. 546, 548 and 559 in 
Schnabl and Dziedzicki’s work (1911), in which are depicted the anal 
cerci, ninth coxite, ninth tergo-sternum and phallosome (without 
parameres) of domestica, autumnalis and _ larvipara. These 
illustrations of the phallosome of these three species are caricatures 
of the originals. It just happens that in these three species it is 
possible to identify them on the characters of the anal cerci and the 
posterior processes of the fifth sternum without examining the 
phallosome and parameres. It would, however, be quite impossible 
to distinguish species in which the anal cerci and fifth sternum are 
very similar by examining the phallosome (its posterior process and 
| the parameres) while still attached to the abdomen. The minute 





differences in these parts, on which the determination depends in the 
case of closely allied species, can only be detected with certainty 
when they are dissected off and mounted as described above. It 

i would be impossible, for instance, to distinguish domestica from either 

| vicina or nebulo, or crassirosiris from lucidula. Mounting the parts 
of the terminalia by flattening them out under a coverslip after 
dissecting them off is equally unsatisfactory, and may lead to 
erroneous conclusions, as I know from past experience. 


KEYS TO THE SPECIES 


ApuLTs. The following keys to the sexes of the species of the 
Palaearctic region are based on external characters which can be 
noted with the aid of a lens magnifying ten diameters. They have 
been drawn up after examining long series of most of the species, 
and variations have, therefore, been noted. MALES. In the case 
of the key to the males no difficulty should be experienced in 
recognising most of them, for there are many reliable characters of 
use in doing so. The male autumnalis is, however, extremely difficult 
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to distinguish from the male larvipara on characters other than the 
terminalia. It is nowonder then that they have long been confused, 
and, although Portchinsky (1885) suspected that his viviparous 
variety of autumnalts (corvina) was distinct from what he considered 
was the oviparous form, it was not until Schnabl and Dziedzicki (1911) 
pointed out the differences in the anal cerci and the posterior processes 
of the fifth sternum that their true identities were established. 
I have a series of males identified as autumnalis (corvina) by the late 
Professor Bezzi and the late Dr. Lichtwald, which on examination 
of the terminalia prove to be larvipara. FEMALES. It is extremely 
difficult to draw up a satisfactory key to the females, as there are 
very few characters available for separating them, and many of them, 
even in this limited fauna, are very alike and difficult to distinguish. 
There should, however, be no difficulty in recognising the females 
of such species as albina, lucidula, tempestiva, vitripennis, sorbens, 
ventrosa and crassirostris. It is, however, surprising to find how 
often crassirostris is wrongly identified. Personally I have always 
found it one of the easiest species to recognise, the bulbous mentum 
(fig. 5) affording a striking character, apart from its olive grey colour. | 








It is almost impossible to distinguish the female domestica from the 
female vicina, but as a rule the latter is smaller and the abdomen 
more orange. The females of convexifrons, hervet, mesopotamiensis, 
autumnalis and larvipara are all so similar that it is equally difficult 
to separate them. The first two are Chinese species, though hervez 
is also found in North India. The eyes of hervet are minutely haired, 
as in the male, whereas they are bare in convexifrons. When in 
China I collected a single male of autumnalis at Tsinan, Shantung, 
so that Chinese entomologists will have to distinguish it from these 
two species which closely simulate it. In convextfrons there is usually 
a row of bristles on the ventral side of vein Ri;,; these are never | 
present in autumnalis. M. convextfrons is larviparous, whereas both | 
hervet and autumnalis are oviparous, and the latter has a white 
puparium. M. mesopotamiensis is only found in Iraq, Arabia and 

South Persia, as far as I know at present; the female has a narrow 

vertical stripe, and the outer vertical hairs are arranged in a single 

row. It is impossible on external characters to distinguish the female 

autumnalis from that of larvipara ; the former is oviparous and has : 
a white puparium, whereas the latter is larviparous, and has a dark 
brown puparium. 
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LARVAE. At present the larvae of only nine species are known to 
me, so that it is not worth while giving a key for their identification. 
The important characters of use in distinguishing the larvae in this 
genus are as follows:—The shape and general character of the 
posterior spiracular plates, the width of the space separating them, 
the character of the peritreme, and the structure of the spiracular 
slits. In all the species the plates are more or less D-shaped, the 
straight edge of the D being inwards, and the three slits are sinuous. 
It is interesting to note that the plates in the higher groups, and 
especially in the lusoria group, are large and more densely 
chitinised so that no definite peritreme can be made out, and the 
slits are often very narrow, long and tortuous. The number of 
finger-like processes of the anterior spiracles are not very reliable 
characters as they are very variable even on the two sides of the 
same larva. All the posterior spiracles illustrated have been drawn 
to the same scale, and are, therefore, comparable. 





KEY TO THE MALES OF THE PALAEARCTIC SPECIES BASED 


j ON EXTERNAL CHARACTERS 
| 1. Species with metallic mesonotum and without stripes............ 2 
Species with non-metallic mesonotum and with dark stripes... § 
+ TP asi ccioumimanuenvereretianaceeaene 3 
BRA sisecienctrciticmmnnninaneianeenmeaaas 4 
) 3. Eyes with numerous long hairs. Sternopleurals present and 
| dorsocentrals and acrostichals not much reduced. Abdomen 


light orange. ‘Terga 1 and 2 dark green, appearing black, in 
middle and along anterior border, sides light orange ; tergum 
3 orange with a broad, median, dark green stripe, expanding 
T-shaped anteriorly ; tergum 4 greyish white in middle and 
at most of sides, lateral margins yellow, either a small dark 
spot on middle of posterior border, or spot much larger and 
almost meeting posterior end of dark stripe on tergum 3 ; 
| tergum § often with an indistinct dark spot about middle, or 
only Gath Ont POsteriOr BORGES .........05.0ccccccsecesesenecersteceses vitripennis 


Eyes with hairs less long and numerous. Sternopleurals 
wanting, and mesonotal bristles much reduced. Abdomen 
orange; tergum I and 2 either entirely orange, or with a 
faint median dark spot, or a band which may spread on to the 
next tergum; tergum 3 with a small (often conspicuous) 
dark spot, which may spread forwards and form an in- 

' complete, median stripe; tergum 4 with a large median, 

greyish yellow patch not as large as in vitripennis, and a small 

dark posterior spot ; tergum § with a large, median, greyish 

yellow patch, and a pair of small admedian black spots.......... albina 
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4. Asmallspecies. Mesonotum bright metallic green, prescutum 





10. 


with some white dusting, and sometimes faintly marked 
stripes. Abdomen mainly light orange ; terga 1 and 2 light 
orange, either with a metallic patch only on anterior border 
on each side of middle line, or in addition a metallic spot at 
middle of posterior border tending to join anterior patch ; 
tergum 3 either entirely orange or with an incomplete, dark 
median stripe ; tergum 4 light orange with a metallic green 
patch on middle of posterior border, and sometimes a faint 
indication of a median dark stripe as well; tergum § metallic 
EE. cnstcccnmnntvimaimaaeenemmaaeaalnbmaa tia lucidula 


A small species. Mesonotum with dark metallic sheen. 
Abdomen greyish green with bands and stripes; terga I and 2 
CE: DR ER 0 0 cs nr niccrniiccnnimvintonsentcabenniaiiiiinen tempestiva 


Larger dark species. Sterna 1-5 black, also adjacent edges of 

terga 1-4. Eyes scantily and minutely haired. Mesonotum 

grey with four well-marked dark stripes. Abdomen mainly 

dark orange with dark bands and stripes. China, N. India... hervei 
Sternites not all black and adjacent edges of terga not marked as 

. TCN GN ins i nse siesnvinnrnninganmnennienccasitsiabnn sane die 6 


Medium-sized grey species. Mesonotum with two broad, dark 
stripes. ‘Terga 1 and 2 orange, sometimes dark orange with 
an almost complete, dark median stripe, or terga I and 2 





Sentinel y Dake WO A OIE... 05 5s inccscccencescosesnaeescccssenns sorbens 
Mesonotum with four Gatk stipes .......<.0ssscvssnvsnecoeseseress 7 
Abdomen orange without markings...............scsceceeseeseeseenens ventrosa 


Abdomen either orange, partly orange, or not at all orange, but 
always marked with stripes, bands and silvery or creamy 


Resa 


PONS osessscccesocvenensasvensrinsseentorsseceivesssieestnenaetmaress 8 
Eyes widely separated. Vertex one-third to one-half width 

EOE sxneseeniacnseciekcoreemniomtinniarinahenameeieuaaee 9 
Eyes either well separated or closely approximated ............... IO 


Vertex approximately half width of an eye. Mesonotum dark 
grey with four well-marked dark stripes of about equal 
length. Abdomen dark orange proximally and distally 
yellowish grey ; tergum I and 2 orange with a broad, median 
black stripe spreading out anteriorly ; tergum 3 dark orange 
with a broad, black median stripe bordered by a silvery stripe 
on each side; tergum 4 greyish yellow with a broad, black 
median stripe ; tergum 5 yellowish with some dark areas in 
TUE evckdinsdncsaviinnsncsinsdenseereeeeenabanesenniemianteaeenaee domestica 








Vertex approximately one-third width of an eye. Abdomen 
OU ONIN 5 ins 5 visser sctccrnsnviiowaiskanesiinnahaanelaaais vicina 


Be WE GRINS .. 6 osencsirnectominanmemniamnnamnacmnnis II 
Eyes closely Sp pOORHMAOOOR oscscecsccssescercsssnsesens conemacexensvens 13 
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11. Medium-sized, sometimes rather small, greyish or olive green 
species. Palps yellow. Mentum deep, strongly chitinised, 
forming a characteristic bulb. Mesonotum greyish yellow 
with four, rather narrow, dark stripes. Abdomen greyish 
QUUODE nciceiustitinnntpidvinciniiinbaintitichcke tittidatigcasiaibiddcastiiiia, crassirostris 


Medium-sized to larger species. Palps black. Mentum not 
DI si sisninances ciccisisitiatervicataeaanapuisissigesepemnilaiedinabddiin 12 


12. A medium-sized species. Mesonotum grey with four dark 
stripes. Abdomen light orange ; terga 1 and 2 with a broad, 
median dark stripe expanding anteriorly to form a dark band 
across anterior half; tergum 3 with a broad, median dark 
stripe also expanded a little anteriorly, bordered by a rather 
narrow, silvery stripe, and silvery patches at margins; 
tergum 4 similar but marginal and lateral, silvery stripes and 
silvery patches at margins more prominent and enclosing an 
orange stripe ; tergum § yellowish with some dark markings 
5 NE svnsicnsncsrncsgnsinniauailcipieaesuaicilanaedlpiis nebulo 


A larger species. Mesonotum light greyish blue with four well- 
marked dark stripes. Abdomen orange; terga I and 2 
orange with a narrow, dark median stripe expanding 
anteriorly to form a dark band ; tergum 3 with a broad, dark 
median stripe widening anteriorly to form a small, dark band, 
bordered on each side with a wide yellowish white stripe and 
extreme edges of tergum yellowish white ; tergum 4 similar 
but median, dark stripe very narrow, silvery admedian and 
marginal stripes broad, and enclosing on each side a dark 
brown stripe ; tergum § yellowish white with a rather faint, 
TERE. TEN cccsincicnciatiasiseiimunnnnianaan mesopotamiensis 





13. A medium-sized species. Cheeks silvery. Mesonotum dark 
slate blue with four broad black stripes. Abdomen dark 
orange ; terga I and 2 entirely dark orange ; tergum 3 witha 
broad, median dark stripe widening out both anteriorly and 
posteriorly to form short dark bands, and with well-marked 
silvery stripes on each side of median stripe and at margins. 
TE . conimumiiioomnmmunimaumionmmimmbdiiasimiaa xanthomelas 


Larger species. Eyes closely approximated ...............ceceeeees 14 


14. Terga 1 and 2 with only anterior half dark brown, a median 
dark stripe expanding posteriorly to form a small dark band ; 
tergum 3 with a median dark stripe bordered on each side by 
a broad silvery stripe and silvery patch at margins of tergum, 
remainder orange ; tergum 4 very similar, the median stripe 
if anything narrower, and posterior margin commonly with 
dark areas, or narrow dark bands; tergum § similar. Vein 
R,,; usually with a row of well-spaced small bristles on ventral 
border reaching to bend of M,,. A large species. China... convexifrons 





Tergum 1 and 2 dark brown to black................cceceseeeeee eens 15 
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15. A large species. Abdomen light orange; terga 1 and 2 dark 


brown except for a small lighter brown patch at postero- 
lateral border ; tergum 3 orange with a broad, median black 
stripe expanding T-shaped anteriorly to form a partial band, 
a silvery spot on each side, and a spot at each margin ; tergum 
4 with a narrow, median dark stripe, and mostly greyish 
yellow with a narrow admedian orange stripe, posterior 
border with a narrow dark band which varies in width; 
tergum § mainly greyish yellow with a suggestion of a narrow 
I MI os isc ccncicrsacinicinekendcsmmaaoamilias 
A slightly smaller species usually with a much darker orange 
(reddish) abdomen, and well-marked bands on terga 3 and 4. 
Otherwise indistinguishable from Jarvipara and can only be 
separated with certainty on the characters of the male 
GEN: siicicaminmnconnacsmeamenaamenaemaa 





larvipara 


autumnalis 


KEY TO THE FEMALES OF THE PALAEARCTIC SPECIES 


BASED ON EXTERNAL CHARACTERS 


Mesonotal bristles much reduced, dorsocentrals reduced to a 
single postsutural bristle and acrostichals entirely wanting. 
Sternopleurals also wanting. Vertex silvery, about equal 
to width of an eye ; vertical stripe narrow, about one-quarter 
width of vertex with straight sides ; outer vertical hairs small 
and arranged somewhat irregularly in four and even five rows. 
Mesonotum greyish white, with four dark shining stripes. 
Abdomen greyish white, terga 1 and 2 dark brown to black ; 
tergum 3 greyish yellow with a broad, median dark stripe 
forming a very narrow, anterior dark band and posteriorly a 
wider dark one, sometimes occupying half the length of the 
tergum ; tergum 4 greyish yellow with a very narrow median 
dark stripe and two dark, admedian spots. Egypt............... 


Mesonotal bristles either normal or slightly reduced, especially 
dorsocentrals and achrostichals. | Sternopleurals always 
PRUNE TOD: csansacissamniciwrecreceventesontennanuabbanamemaitiens 

Vein M,,, joining vein R,y,;, cell R; closed. Vertex wide, 
almost width of an eye; vertical stripe narrow with straight 
sides ; outer vertical bristles in single row. ‘Thorax metallic 
green, mesonotal stripes narrow, not well marked except in 
fresh specimens. Abdomen metallic green; terga I and 2 
with some orange reflections; tergum 3 and 4 metallic 
green; tergum § metallic green with a large median silvery 
ON snus siritncsnstienentnmnncrnesbelaemanemn gia eaiMiaanitbs 

Vein M,, not joining vein R,,;, cell R; narrowly open. Species 
ROC WME .6sicisss orienta 

Mesonotum with two black stripes, presutural portion of each 
Y -forked, the outer branch short. A greyish yellow species. 
Abdomen greyish yellow to orange (if rubbed) ; terga I and 2 
either entirely dark brown or median area light brown......... 


Mesonotum with four Gath Ct8ipes.........0.0.scc0cssevescsvesersseces 


albina 


lucidula 


sorbens 
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4. Palpi light orange. Proboscis with deep, strongly chitinised, 
bulbous mentum. A grey species ..............csccecseccecseosees crasstrostris 


Palpi dark grey to black. Proboscis normal, mentum not 


BE idcimrdincmntimpnanaunmnniannmeuaain eae 5 


5. Small to medium-sized grey species with varying amount of 
I I xcsititrnnivaiannammcianapcionnaneninaiaee 6 


Medium-sized to large species without any metallic sheen...... 7 


6. A small species. Vertex little less than width of an eye; 
vertical stripe relatively wide with bulging sides; outer 
vertical bristles in a single row. Mesonotum metallic grey 
with four rather narrow dark stripes. Abdomen grey with 
CNG RE GE keine tempestiva 


A medium-sized species. Vertex greyish white about equal to 
width of an eye; vertical stripe rather narrow, less than half 
width of vertex ; outer vertical bristles and hairs in four rows. 
Mesonotum grey with some metallic sheen, the four stripes 
well marked, the inner pair rather narrow, the outer often 
rather indistinct. Abdomen grey with some metallic sheen... vitripennis 


7. Eyes minutely and scantily haired. Abdomen dark brown with 
bluish grey markings; terga 1 and 2 black with small ad- 
median bluish grey spots; tergum 3 with a broad, median 
black stripe, large admedian bluish grey spots and smaller 
silvery lateral spots ; tergum 4 similar and tergum § yellowish 
white. Oviparous. Puparium light brown. Widely distri- 


RE i SRR enndisencecsinnmondnswndidetn hervet 
Eyes bare and abdomen not so marked ..............:0eeeseeceecees 8 
8. Abdomen either entirely orange and without any markings ; or 
either orange, or partly orange with markings................0606. 9 
Abdomen black with creamy and silvery markings ............... 13 


g. Abdomen entirely orange and without any markings. ‘Thorax 
dark slate blue and stripes somewhat difficult to see. North 
IW vivkes vclsdaswnmrvieiadcdendeeacrkedaahinienpiultansddotlegies ventrosa 


Abdomen either orange, or partly orange, and with markings... 10 
10. Abdomen orange and with markings ................seeceeeeeceeeees II 
Abdomen only orange at base (partly) and with markings......... 12 


11. Vertex and cheeks silvery white ; vertex considerably less than 
width of an eye; vertical stripe a little more than half width 
of vertex ; outer vertical bristles in two rows. Mesonotum 
bluish white with four broad dark stripes. Abdomen dark 
orange with silvery markings and, commonly, narrow dark 
posterior bands to terga. Not a house-fly. Puparium 
WE RNS vosanccncnevaasubincusavecheacsnkeuninetasanenen xanthomelas 








Vertex and cheeks creamy white ; vertex less than width of an 
eye; vertical stripe about three-quarters width of vertex ; 
outer vertical bristles in two rows. Mesonotum greyish 
yellow with four broad, dark stripes. Abdomen light orange 
with dark stripes and silvery markings. A house fly. 
eT OT Tne on nebulo 
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12. Vertex almost equal to width of an eye; vertical stripe very 
wide about three-quarters width of vertex and with bulging 
sides ; terga 1 and 2 dark orange, remaining terga greyish 
with dark markings and some blue sheen ..............s0eeeeeeseees domestica 


Vertex and vertical stripe the same as in domestica. Abdomen 
more extensively orange, especially terga 1, 2 and 3............ vicina 


13. Vertical stripe narrow, about one-third the width of vertex ; 
outer vertical bristles in a single row. Mesonotum grey with 
the usual four, somewhat narrow, dark stripes. Abdomen 
greyish white with black markings ; terga 1 and 2 dark brown 


to black with grey side spots. Puparium white. Iraq......... mesopotamiensis 
Vertical stripe wider, about or a little less than half the width 
of vertex ; outer vertical bristles in to rows..........sseceeesees 14 


14. Vein Ry,, usually with a row of small bristles on ventral surface 
extending almost to bend of vein M,,.. Markings of 
abdomen very similar to those of hervei, but silvery markings 
more in the nature of stripes, and in addition well-marked, 
dark, admedian somewhat triangular spots at posterior 
borders of terga3 and 4. Larviparous. North, Central and 


I IN sissies cnx esvsanionreacuiinmnenshibdéa anaes convexifrons 
Vein R,,; never with such small bristles on ventral surface 
Smee te HOME OE WEI Fg gies os cern cciererencanscencaseanersens 15 
15. Radius at root on upper surface with three to four hairs......... autumnalts 
Radius at root on upper surface with five to six hairs............... larvipara 


SHORT DESCRIPTIONS AND NOTES ON THE SPECIES 


As the main object of this revision is to provide a practical guide 
to the species of use to medical and veterinary officers and economic 
entomologists, the descriptions are made as short as possible, and only 
those characters are noted which will enable the worker to identify 
his species with certainty. Lengthy descriptions would only defeat 
this object. I have specially avoided using many chaetotactic 
characters for the simple reason that I know from long practical 
experience that they are not only tiresome to use and, therefore, 
deter many from trying to identify their species, but they are also 
very unreliable and their value has been much overstated. The 
identification of the species depends almost entirely on colouration 
characters, and these, together with such other characters as the 
width of the vertex in relation to that of an eye, the width and 
character of the vertical stripe, the arrangement of the outer vertical 
bristles and hairs, the vestiture of the eyes, the colour of the palps, 
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the structure of the mentum, the presence or absence of the 
dorsocentral and acrostichal bristles and the sternopleurals, the 
presence of hairs on the squama, and lastly the presence or absence 
of bristles and hairs on the ventral surface of vein R,+;, will be found 
to be most reliable for this purpose. Occasionally atypical 
specimens will be found which it is almost impossible to name. 
I would strongly recommend the beginner not to attempt to identify 
greasy specimens, and especially flies which have not hardened 
before being pinned. If in doubt, and a male is available, the 
terminalia should be prepared as noted above, and the mounted 
specimens compared with the illustrations accompanying this series 
of papers. 

An asterisk accompanying the name of a species means that I 
have examined the type. A question mark indicates that there is 
still some doubt as to the identity of the species. As the male 
terminalia of some of the species of this region have already been 
illustrated in the first paper (1932), they will not be reproduced 
again here, and the reader is referred to that paper ; the references 
to these illustrations have the letter P and the numeral 1 before them, 
which mean Part I (1932). 





(To be continued) 























THE RELATION OF POLYMORPHIC 

TRYPANOSOMES, DEVELOPING IN 

THE GUT OF GLOSSINA, TO THE 
PERITROPHIC MEMBRANE“ 


BY 


WARRINGTON YORKE, 
FREDERICK MURGATROYD 


AND 


FRANK HAWKING 
(Received for publication 31 May, 1933) 


PLATES II AnD III. 


In the original descriptions by Bruce, Robertson and others of the 
development of polymorphic trypanosomes in the gut of Glossina, it 
was assumed that development occurred in the lumen of the gut, and 
no note was made as to the position of the trypanosomes in relation 
to the peritrophic membrane. More recent work has shown that this 
structure, of which the origin and position have been well described 
by Wigglesworth (1929), plays an important part in determining the 
position of various flagellate infections. Johnson ef al. (1928) 
showed that the gut development of 7. congolense occurred in the 
space between the membrane and the gut wall, and Hoare (19310) 
found that the same was true of the later stages in the development of 
T. grayi. Finally, Taylor (1932) has demonstrated that when 
IT. gambiense develops in G. tachinoides the trypanosomes multiply 
almost exclusively in this space external to the peritrophic membrane. 
The object of the present paper is to record some observations, made 
during experiments on the transmission of a tryparsamide-resistant 
strain of 7. bruce: through G. morsitans and G. palpalis, which 
confirm and amplify the account given by Taylor. 

During the course of our experiments, which have been described 
elsewhere (Yorke, Murgatroyd and Hawking, 1933), a considerable 
number of infected Glossina were dissected and especial attention 
was paid to the position of the trypanosomes. In flies dissected one 
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to four days after an infective feed, trypanosomes could be found in 
the midgut, mainly in its posterior half, multiplying in the lumen of 
the gut inside the peritrophic membrane. Presumably this 
multiplication represents the first stage of the establishment of the 
parasite in its invertebrate host. But only a certain proportion of 
these flies develop a permanent infection. Although no trypano- 
somes were seen in the space outside the membrane during 
examination of the fresh specimen at this stage, some forms may be 
present there even at this early date, as was discovered by embedding 
and sectioning one of these infected guts. Apparently the trypano- 
somes reach this space by passing round the free end of the membrane 
at the lower end of the alimentary canal. After the first feed on a 
clean animal, trypanosomes are no longer found zmszde the membrane, 
but they may be found in great numbers multiplying in the space 
outside the membrane. Eventually they pass forward along this 
space and reach the proventriculus, as described by Taylor. 

A number of the flies, which were suspected of being infective, 
were examined by drawing out one of the salivary glands through the 
neck. The gland was examined and, if trypanosomes were present, 
the whole fly was fixed in Bouin and subsequently embedded in 
paraffin, according to the technique of Hoare (1931a). In this way 
sections were obtained with a minimum of disturbance of the internal 
organs. The sections were stained with Mayer’s haemalum. The 
accompanying drawings (Pls. II and III) illustrate the more important 
points. 

The first drawing is taken from the midgut in the region described 
by Wigglesworth as the anterior segment. At this level the ingested 
blood has been concentrated by the absorption of water, but the red 
corpuscles are still intact and no haematin has been liberated. The 
figure shows masses of trypanosomes lying perpendicularly to the wall 
of the gut in the space between the wall and the peritrophic 
membrane. Trypanosomes are also present (external to the 
membrane) in a fold of the membrane invaginated into the lumen of 
the gut. In none of the sections of the midgut (excluding the 
proventiculus) were trypanosomes found zmside the peritrophic 
membrane in flies which had had several feeds on a clean animal. 
The distribution of the flagellates along the length of the gut probably 
varies according to the time since the infection commenced. In these 
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flies, two to four weeks after the infecting feed, trypanosomes were 
most numerous in the posterior part of the anterior segment and the 
anterior part of the middle segment (as defined by Wigglesworth). 
Small numbers were present along the rest of the midgut, except in 
the posterior part just above the entry of the Malpighian tubules, 
in which region no trypanosomes were seen at this later stage of the 
infection. No trypanosomes were found in the hindgut or Malpighian 
tubules. 

i The next figure (fig. 2) shows a transverse section of the 
proventriculus. According to the account given by Wigglesworth, 
this organ acts, firstly, as a sphincter between the foregut (oesophagus) 
and the midgut, and, secondly, as the source from which the 
peritrophic membrane is derived. The cells of the annular pad (ep.) 
secrete a fluid, which is squeezed out through the narrow cleft 
between the wall of the proventriculus and the invaginated portion 

: of the foregut (7. fg.), and is thus moulded to forma thin membrane. 

Trypanosomes (¢,) can be seen in the extraperiptrophic space, 

which is bounded on the one side by the peritrophic membrane 

and on the other by the walls of the proventriculus and midgut. 

They (/,) are also to be seen in the space bounded by the secretory 

epithelial cells (ep.) and the invaginated portion of the foregut 

(in. fg.); in this region the parasites can pass through the fluid 

secretion of the epithelial cells to reach the lumen of the 

proventriculus. 

Fig. 3 illustrates a longitudinal section of the proventriculus 
showing the forward path of the developing trypanosomes from 
the extraperitrophic space (¢,), through the fluid secretion of the 
annular pad (¢,), into the lumen of the proventriculus and 
oesophagus (é;). 

Fig. 4 shows part of a tangential section taken through the 
anterior edge of the proventriculus (from the same specimen as fig. 2). 
A large mass of trypanosomes is seen in the space between the 
invaginated foregut and the annular pad of epithelial cells, but these 
latter do not appear in the part of the section here shown. The 
last drawing (fig. 5) shows a section through one of the infected 
salivary glands and requires no comment. 
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SUMMARY 


During the course of experiments on the transmission of a 
tryparsamide-resistant strain of T. brucei through G. morsitans and 
G. palpalis, observations were made regarding the position of the 
developing trypanosomes in relation to the peritrophic membrane of 
the midgut and proventriculus. After the first few days of the 
infection trypanosomes were found to be limited to the space 
outside the peritrophic membrane—between the membrane and 
the gut wall. As the infection develops, the trypanosomes 
gradually extend forwards along this extraperitrophic space as 
far as the proventriculus, where they pass through the fluid 
secretion of the annular pad (from which the membrane is formed) 
and so reach the lumen of the proventriculus and oesophagus. 
Drawings of sections are given, demonstrating this development 
of the infection. These observations confirm those previously 
published by Taylor. 
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EXPLANATION OF PLATE II 


Fig. 1. LONGITUDINAL SECTION OF WALL oF MipcuT (Anterior 
Segment). (x 460.) This section shows the masses of trypanosomes 
limited to the space between the peritrophic membrane and the 
epithelial lining of the gut, and to the space formed by the invagina- 
tions of the membrane into the lumen of the gut. 


ep. = epithelial cells constituting the wall of the midgut. 
p.m. = peritrophic membrane. 


p.m., = peritrophic membrane, invaginated into the lumen of 
midgut, containing numerous trypanosomes. 


y.b.c. = undigested red blood corpuscles in lumen of midgut. 


t, = trypanosomes in the space between the _ peritrophic 
membrane and the gut wall. 


Fig. 2. TRANSVERSE SECTION OF PROVENTRICULUS. (xX 275.) 
This section shows the trypanosomes in the extraperitrophic space 
of the midgut and in the space where the peritrophic membrane is 
formed. 


ep. = annular pad of large epithelial cells which secrete the 
peritrophic membrane. 

in.fg. = invaginated portion of foregut. 

mg. = commencement of midgut. 

oes. = oesophagus (foregut). 

p.m. = peritrophic membrane. 

ty = trypanosomes outside the peritrophic membrane. 

t, = trypanosomes in the space where the _peritrophic 


membrane is formed. 
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EXPLANATION OF PLATE III 


Fig. 3. LONGITUDINAL SECTION OF PROVENTRICULUS. (XxX 125.) 
This section shows the forward path of the developing trypanosomes 
and the manner in which they pass from the space in the midgut 
outside the peritrophic membrane into the lumen of the proventriculus 
and thence into the oesophagus. 


ep. = annular pad of large epithelial cells, which secrete the 
peritrophic membrane. 

oes.d. = duct of oesophageal diverticulum (sucking stomach). 

in.fg. = invaginated portion of foregut. 

mg. = commencement of midgut. 

oes. = oesophagus. 

p.m. = peritrophic membrane. 

ty = trypanosomes in the space outside the peritrophic 

membrane at the commencement of the midgut. 

te = trypanosomes in space where the peritrophic membrane 
is formed. 

ts = trypanosomes in lumen of foregut (oesophagus and duct 


of oesophageal diverticulum). 


Fig. 4. TANGENTIAL SECTION THROUGH EDGE OF PROVENTRI- 
CULUS. (xX 275.) Showing masses of trypanosomes in the space 
where the proventriculus is formed. 


in.fg. = invaginated portion of foregut. 

o.p. = outer wall of proventriculus. 

p.m. = peritrophic membrane. 

é. = trypanosomes in the space where the _peritrophic 


membrane is formed. 


Fig. 5. TRANSVERSE SECTION THROUGH SALIVARY GLAND. 
(x 460.) Showing numerous trypanosomes attached to the wall of 
the gland or lying free in the lumen. 
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MISCELLANEA 


RELATIVE SUSCEPTIBILITY OF THE 
SEXES OF GLOSSINA TO INFECTION 
WITH TRYPANOSOMES 


Mr. J. S. McDonald, Laboratory Assistant to the Human 
Trypanosomiasis Institute, has of late been examining my registers 
wherein are recorded the transmission experiments with tsetse and 
various polymorphic trypanosomes performed during the last six 
or seven years. In my paper, published in Vol. XXIV of the 
‘Annals of Tropical Medicine and Parasitology,’ entitled ‘On the 
Susceptibility of the Two Sexes of G. palpalis to Infection with 
T. gambiense and T. rhodesiense,’ the conclusion was reached that 
there existed no significant difference between the two sexes of 
G. palpalis in their susceptibility to infection with 7. gambiense or 
T. rhodestense. Mr. McDonald’s examination of the data presented 
in that paper shows that this conclusion is not justified by the 
evidence, the reason for this opinion being, in his own words, as 
follows :— 

‘A hypothesis that there is no variation in the susceptibility of 
the sexes to infection requires that there shall be no significant 
deviation in the observed infections, in either sex, from the common 
infection rate of the whole population examined. 

‘The best value to assume for the infection rate common to both 
sexes is that given by dividing the number of infections observed 
by the number of flies examined. From this value the number of 
infections to be expected for each sex can be obtained. 

‘The population of 24,509 flies contained 1,237 infections, so the 
common infection rate is expressed as 1,237 + 24,509. The expected 
infection rates for 12,737 males and 11,722 females are therefore :— 


1,237 X 12,737 1,237 X 11,722 


and 





24,500 24,509 
= 643 and 594 respectively. 
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Infected Negative | Totals 
Males ... ... 581 12,156 12,737 
Females om 656 11,116 = «11,772 
| 
Totals ... ... 1,237 23,272 | 24,509 
. » (*x*—m\* ; :, 
Examined by the xy? formula, y? = aa which measures in 


this case the probability that equal or greater differences than those 
observed would be likely to occur if there was no variation of 
susceptibility between the sexes, the data presented in the paper give 
x? = 13 and P = 0-01, which is a highly significant value indicating 
that such variations could occur by chance only once in considerably 
over 100 trials. 

‘It appears therefore that, at all events under laboratory 
conditions, the female of G. palpalis is more susceptible to infection 
with 7. gambiense or with T. rhodesiense than is the male.’ 


On reflection, there are two observations which may have a 
bearing on this conclusion, namely, that the female flies on the whole 
feed somewhat more readily than the males, and that they tend to 
survive better the exigencies of prolonged service in captivity. 


H. LyNpHURST DUKE. 


7 March, 1933. 
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THE IDENTITY OF CULEX AEGYPTI L. 


In the last issue of the ‘Annals of Tropical Medicine and 
Parasitology,’ Professor W.S. Patton published a short article under 
the above heading which calls for some reply on account of the 
importance of reaching agreement, if possible, upon the scientific 
name to be applied to the yellow-fever mosquito. 

Professor Patton is not correct in stating that in 1932 I changed 
the name from fasciata to aegypti without giving my reasons for 
doing so. The change was first proposed in print by Dyar in 1920, 
and the name aegypti has since then been used by nearly all American 
writers as well as by many in Europe and elsewhere. I gave a 
reference to Dyar’s paper in my catalogue, and also stated (p. 2) that 
I ‘accepted the view that the yellow-fever mosquito should be 
known as A édes aegypti L., as in spite of some discrepancies it seems 
hardly possible that Linnaeus could have had any other species 
before him.’ 

Professor Patton quotes an opinion of the late Dr. L. H. Gough 
that C. aegypti was really the species now commonly known as 
Aédes caspius, and attempts to support Gough’s opinion by reference 
to the original descriptions of C. aegypti. When I first re-published 
the description of C. aegypti in 1911, I also thought it might refer to 
A. caspius, chiefly because this is one of the commonest Egyptian 
species and because Linnaeus referred to white rings on the legs 





‘circa articulationes et in articulis.’ If I remember correctly, | made 
this suggestion to Gough and he adopted it. However, a more 
careful reading of the description convinced me that it was more 
likely that Linnaeus was describing a species of Stegomyza, and | still 
think the description indicates this as clearly as one could expect ; 
I will follow Professor Patton’s example and consider this description 
phrase by phrase. 

The opening words, ‘ Culex aegypti articulationibus candidis,’ 
show that Linnaeus picked out as the most salient feature of the 
species the white-ringed legs, which are, in fact, so conspicuous in a 
Stegomyia. The word candidis (‘ glistening-white ’) could not be 
applied to the pale tarsal rings of A. caspius, which are at most dull 
creamy-white and are certainly not the most striking feature of the 
insect. 
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‘Magnitudo Culicis vulgaris Linn. Syst. N. I.’ This tells us 
nothing definite. 

‘Color ex fusco canus.’ I cannot agree with Professor Patton in 
attaching special importance to this phrase, nor can I agree with 
the translation of it which he quotes. My dictionary gives us the 
meaning of fuscus, ‘ dark, black’ and of canus, ‘ whitish-grey, grey.’ 
The meaning of the phrase is somewhat obscure, but I should freely 
translate it ‘ hoary greyish-black.’ Ifit really meant ‘ tawny shading 
into grey,’ it might indeed be held applicable to A. caspius, but this 
translation seems too great a distortion of the actual words. 

‘“Crura cana cum annults candidts, parvis, circa articulationes et 
in articults.’ This presumably refers to the white rings of the hind 
tarsi. In A. caspius the pale tarsal rings spread over both sides of 
the joints; in the yellow-fever mosquito they are at the base of the 
joints only. The words ‘circa articulationes’ might be taken to 
indicate the former, but it seems doubtful if Linnaeus would have 
noted this distinction in the position of the rings, and I should 
translate the phrase ‘ legs grey with small pure white rings at the 
joints and on (each) segment.’ 

‘Puncta candida ad marginem dorst in corpore sub alis utringue, 
plura, longitudinaliter sita.’ Professor Patton thinks this refers to 
markings on the sides of the thorax, but in this he is almost certainly 
mistaken. It appears to me fairly obvious that Linnaeus was 
referring to the row of spots on the abdominal tergites, which are 
conspicuous in side view even when the wings are folded over the 
back (‘ sub alis ’ suggests that the wings in Linnaeus’ specimen were 
so placed). The words ‘ puncta candida’ again indicate the silvery- 
white spots of the yellow-fever mosquito rather than the less definite 
and dull white markings of A. caspius. 

‘Annulus candidus ad basin thoracis, inter illum et corpus.’ I 
have no doubt that this refers to the silvery-white scutellum of a 
Stegomyia, as Professor Patton himself suggests. With the wings 
folded over the back, the dorsal abdominal markings would not be 
visible, and the scutellum would conspicuously separate the thorax 
and abdomen. If Linnaeus had had before him a specimen of 
A. caspius with the first abdominal segment visible, he would certainly 
have described other dorsal abdominal markings. 

‘Linea candida perpendicularis juxta oculos, utrinque una parva.’ 
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This would apply very well to the line of silvery-white scales on each 
side of the head, perpendicular to the eyes, in the yellow-fever 
mosquito ; alternatively, it might possibly apply to the silvery- 
white scales on the basal antennal segments, or to the two patches 
on the clypeus, or even possibly to the white tips of the palpi, but 
it does not apply to the colour of the head-scales in A. caspius. 

I therefore contend that there is nothing in the description which 
‘definitely rules out S. fasciata,’ but that, on the other hand, there 
are several points which definitely indicate some species of Stegomyia. 
It might, of course, be held that the description would apply equally 
to another Stegomyia, but so far as we know the yellow-fever 
mosquito is the only species of the sub-genus occurring in Egypt ; 
hence I conclude that ‘ Linnaeus could hardly have had any other 
species before him.’ The omission of any reference to the crescentic 
white marks on the thorax is easily explained by supposing that the 
specimen was pinned (as usual at that period) with a large pin which 
obscured the thoracic markings. 

Professor Patton suggests that ‘ there seems no reason to suppose 
that the name-hunter may not yet find an even older one than that 
of aegypti.’ As zoological nomenclature commences from the year 
1758, and the name aegypti was introduced only four years later, it 
is remotely improbable that any such discovery will ever be made. 

Professor Patton wishes to revert to the use of the name fascrata, 
but this course is open to two serious objections. In the first place, 
in most of the literature published in the last fifteen or twenty years 
the yellow-fever mosquito is referred to either as A édes aegypti or as 
Aédes argenteus ; there would therefore be no gain on the score of 
convenience in dropping both these names in favour of fascrata. In 
the second place, according to a strict application of the code of 
zoological nomenclature, the name Culex fasciatus Fabricius is 
invalidated by the earlier Culex fasciatus Miller, even though the 
former is now transferred to the genus A édes and the latter is pro- 
bably a synonym of Culex pipiens. It would of course be possible 
to obtain a ruling from the nomenclature committee setting aside 
the rule in this particular case and treating A édes (Stegomyta) fasciata 
as a nomen conservandum. Until 1919 I was in favour of this course, 
but was strongly opposed by Dyar and others; definite action has 
never been taken on these lines and I believe it is now too late. In 
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adopting aegypti in place of argenteus in the ‘ Genera Insectorum ’ 
(an action which I only took after considerable correspondence with 
other workers), I hoped that it might be possible to arrive at 


uniformity for the future. 
F. W. EDWARDs. 
14 April, 1933. 


In the absence of the specimen from which Linné drew up his 
description of C. aegypti, Dr. Edwards’s interpretation of it leaves 
one as much in doubt as does the unbiased translation of it given 
me by Dr. Mountford, Professor of Latin in this University, and my 
interpretation of C. aegypti from it. As this point can never be 
settled with certainty, no matter what ingenuity may be displayed 
in picturing Linné’s specimen of C. aegypti, I consider it is best to 
follow the spirit rather than the letter of the law of priority and 


to drop the name aegypit. 
W. S. PATTON. 


16 May, 1933. 


























THE CHARACTERISTICS OF SOME 
NIGERIAN STRAINS OF THE 
POLYMORPHIC TRYPANOSOMES 


BY 
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From the Tsetse Investigation Laboratory, Northern Nigeria) 
& o 8 
(Received for publication 18 May, 1933) 


It has been generally believed that sleeping sickness in West 
Africa is due invariably to T. gambiense and that the more acute 
forms of the disease ascribed to 7. rhodesiense do not occur. Macfie 
(1913) described a very mild type which he met with in the Eket 
region of Southern Nigeria. ‘The morphology of the causative 
trypanosome, together with its low virulence to human beings, led 
him to think that it must be a new species, and he proposed calling 
it Trypanosoma nigeriense. ‘Vhis view was not generally accepted and 
T’. nigeriense is considered to be merely an almost avirulent strain of 
T. gambiense. 

In Northern Nigeria there are considerable differences in the 
types of human trypanosomiasis which are encountered. ‘Throughout 
the southern part of the country, where G. palpalis is the chief vector, 
the disease considered as a whole has a comparatively mild endemic 
form, although there are occasional localised epidemics of a more 
virulent nature. Further north, where G. tachinoides is the chief 
vector, there are large epidemic areas in which the disease seems to 
be more virulent. ‘These differences are striking, and as a general 
rule it can be said that the farther one goes south the less virulent 
does the disease become. 

From time to time sleeping sickness medical officers have reported 
cases resistant to treatment with tryparsamide. Such cases have 
occurred both in the endemic and epidemic areas. ‘The existence of 
these tryparsamide-resistant strains was rather brought home to us 
by the fact that in 1929 G. B. B., a European member of the Tsetse 
Investigation Staff, contracted sleeping sickness while working in 
the field. ‘This case was peculiar in that, while undergoing treatment, 
his blood was found to be swarming with trypanosomes, even though 
he had received repeated injections of tryparsamide. Eventually he 


was given a full course of ‘ Bayer 205’ and had an uneventful recovery. 
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Unfortunately, at that time it was not possible for us to isolate the 
strain for investigation. On looking up old laboratory records, it was 
apparent that there were great differences in the way strains isolated 
from local sleeping sickness patients behaved in small laboratory 
animals. Mlany strains failed to take in guinea-pigs, and could be 
made to infect the smaller laboratory animals only after preliminary 
direct passage through monkeys. It was common to find that in 
chronically infected guinea-pigs, after some months there appeared 
to be a sudden change in the character of the strains. ‘T'rypanosomes 
became very numerous in the peripheral blood, and in subsequent 
direct passages strains seemed to have an exalted virulence. Occa- 
sionally strains have been isolated that had a high initial virulence 
to small laboratory animals. In one such case, the inoculation 
of a few drops of gland juice from a sleeping sickness patient into 
a white mouse produced a massive infection in seven days. 

In 1929, Dr. J. C. Paisley isolated a strain (‘ Sherifuri K ’) 
from an untreated local sleeping sickness case. A few drops of gland 
juice injected into a guinea-pig produced an infection in 12 days 
and trypanosomes were numerous in the blood on the fourteenth 
day. Stained blood films from a series of small laboratory animals 
showed the presence of numerous posterior nuclear forms. 

In view of these findings and in the hope of throwing some light 
on the epidemiology of the disease, it was decided to attempt a 
thorough laboratory investigation into the characteristics of a number 
of trypanosome strains isolated from patients in contrasting areas. 


ORIGIN OF STRAINS 


‘The first series of strains was obtained from untreated patients 
attending Gadau dispensary. ‘These were people who had come 
from the big epidemic area to the north of Gadau. ‘The infected 
region, comprising parts of Hadejia and Katagum Emirates and 
Bedde Emirate, is situated in zone lat. 12° to 13°, long. 10° to 11° E. 
It is traversed by the Hadejia and Katagum rivers and their tributaries. 
‘The majority of the country is covered with a light savannah forest, 
with areas of thick bush adjacent to the rivers. In the dry season 
the whole area is very arid, and the rivers, with their wide sandy beds, 
dry up, leaving a series of pools. In the wet season, on the other hand, 
the rivers tend to flood their banks, and the whole of the northern 
part of the area consists of a series of great swamps, separated by sand 
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ridges on which the inhabitants have their villages and farms. In 
spite of these disadvantages the area supports a large population. 
In the neighbourhood of the rivers game is comparatively numerous 
and some localities are infested with G. morsitans. G. tachinoides is 
much more wide-spread, and during the rains this species encroaches 


on to the farms and even into the villages. ‘The comparatively large 
farmed areas round villages help to protect the people from tsetse. 


The game and with it G. morsitans tend to be localised to a great 
extent, so that the ordinary farmer does not come into close contact 
with this fly, although there are always numbers of the people working 
throughout the bush, collecting honey, firewood, edible fruits, etc. 
G. tachinoides is obviously the chief vector of human trypano- 
somiasis in the locality. About 10 per cent. of the population is 
infected with the disease, the infection rate being highest in the 
neighbourhood of the rivers and tailing off as the drier zones are 
approached. In some villages infection rates of 60 to 70 per cent. 
have been recorded. During the last two or three years, about 10,000 
cases of sleeping sickness have been treated from the area. Of these, 
about 1,500 came in voluntarily to seek treatment, while the remainder 
have been met with while carrying out mass examinations in the 
field. Most of the cases that come in voluntarily complain of sleepiness 
and show nervous manifestations. ‘They usually give a history ot 
about nine months to a year. ‘The majority of them have enlarged 
cervical glands, though cases are met with where diagnosis can only 
be made by examination of thick blood films. Numbers complain of 
vague toxic symptoms and show no clinical signs of central nervous 
system involvement; as they have no enlarged cervical glands, 
diagnosis is not always easy. It is noteworthy that, of such cases 
attending at Gadau, lumbar puncture almost always shows some 
degree of central nervous system involvement. A certain amount of 
generalised oedema is common, though this is rarely so well marked 
as to be the chief symptom. It is rare to meet with cases in which 
trypanosomes are numerous in the peripheral blood. In the field, 
the majority of patients do not show characteristic nervous symptoms ; 
quite often they have few symptoms of any kind. There is evidence 
to show that a number of these cases die before they reach the later 
stages of the disease. In one survey, 80 out of 2,700 of such people 
died in an average interval of three weeks between examination and 
treatment. Dr. J. C. Paisley carried out a mass examination of one 
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particular village in 1930 and found the majority of inhabitants to be 
infected. ‘lhe people refused treatment on the plea that they were 
not ill. Six months later numbers of them came in voluntarily to 
Gadau and were then found to be in the last stages of the disease. 
Enquiry elucidated the fact that many of the others had died in the 
interval. A short time later the whole village was deserted. 
Apparently the epidemic is of a recent origin and was spreading 
rapidly in an area which had previously been endemic. 

The other group of strains was derived from Ayu district, 
Jemaa division of Plateau Province. Ayu is a small district situated 
about 3800 miles south-east of Gadau. ‘The country is for the most 
part open and hilly, with patches of thick bush, containing G. palpals, 
in the hollows. Game is not plentiful; there are fair numbers of 
cob and duiker, but little else. As far as is known, there is no belt 
of G. morsitans within many miles of the area, the vector of sleeping 
sickness being G. palpalis. ' 

Dr. C. W. Hope Gill carried out a mass examination of the 
district in April, 1931: out of a population of 3,444, he found 172 
cases of sleeping sickness- an infection rate of 5 per cent. ‘The 
disease appeared to be clinically of a very mild type and individual 
cases gave histories of long duration without showing any obvious 
signs of nervous involvement. Out of 138 lumbar punctures made 
on known positive cases, 81 (56 per cent.) gave increased white cell 
counts. When the mild character clinically of the cases is considered, 
it is perhaps surprising that such a large proportion of them showed 
signs of infection of the nervous system, though in the majority the 
increase in the cell count was comparatively small. During the period 
of two and a half months which elapsed before these patients could 
be treated, there were seven deaths out of the 172 cases diagnosed. 
At the time of the survey, several Macacus rhesus monkeys were 
injected with blood from untreated patients and were sent back to 
the Gadau laboratories. ‘These Gadau and Ayu strains were compared 
with four 7. bruce strains isolated in the Gadau district and with 
two old laboratory strains of 7. gambiense and 7. rhodesiense which 
had been kept for many vears in small animals in London. 


EXPERIMENTAL 


At first it was decided to investigate the following characteristics : 
virulence in small laboratory animals, morphology, reaction to 
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tryparsamide and reaction to the adhesion test. ‘he publication by 
Yorke, Adams and Murgatroyd (1930) of their work on the action of 
normal human serum 7m vitro led to this programme being modified 
to include the use of their technique for the investigation of the 
action of human serum zm vitro. Mention has already been made of 
the virulent strain showing numerous posterior nuclear forms isolated 
by Dr. Paisley in 1929. Yorke and his co-workers tested this strain 
(‘Sherifuri K’) against normal human serum im vitro. ‘They found 
that trypanosomes were destroyed in six hours and concluded that 
‘ Sherifuri K ’ was a strain of 7. rhodesiense which was in process of 
losing its resistance to human serum. Previous work (Johnson and 
Lester, 1929) led the writer to expect that interesting results might 
be obtained from the adhesion test. A number of such tests carried 
out with the Gadau strains gave rather anomalous results. When 
freshly isolated, the strains gave strongly positive results against sera 
from sleeping sickness cases and against sera from experimental 
animals infected with other human strains and treated with tryparsa- 
mide ; no positive results were obtained with sera from treated 
brucei animals. When once the strains had been maintained for several 
months, similar clear-cut results could not be obtained. Sometimes 
the test would give a positive result only when trypanosomes were 
put up against sera from animals infected with the same strain, 
whereas at other times slight positive results would be obtained with 
sera, both from sleeping sickness patients and from brucei animals. 
On account of these inconsistencies, work with the adhesion test was 
not continued. 


HISTORY OF STRAINS 


The Gadau and Ayu strains were isolated by the intra-peritoneal 
injection of 5 c.c. of blood from untreated sleeping sickness patients 
into Macacus rhesus monkeys. From the monkeys the strains were 
passed into guinea-pigs, and during the course of these investigations 
were kept in series of guinea-pigs by constant svringe passage. Some 
15 human strains and 4 of 7. brucei were used. 


Gadau Strains. —Strains Gadau | to 4 were isolated in May, 
1930. Gadau 5 was a stock laboratory strain isolated in July, 1929. 


Gadau 6 was isolated in October, 1980, and Gadau 7 in January, 
1932. 


Ayu Strains. ‘Vhe monkeys inoculated by Dr. C. W. Hope Gill 
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in April, 1931, were sent back to Gadau and were used by ‘Taylor 
(1932) for a series of cyclical transmissions in guinea-pigs, after which 
they were handed over to Dr. R. D. Mackenzie and the writer. 
Ayu 5, 7, 8 and 11 had been transmitted through G. tachinotdes, 
while Ayu 6 had undergone one transmission by G. morsitans. 

London Strains—TVhe London strains of 7. gambiense and 
T. rhodesiense were obtained by Dr. R. D. Mackenzie through 
the kindness of Prof. J. G. ‘Thomson, of the London School of 
Hygiene and ‘Tropical Medicine. ‘The 7. gambiense strain had been 
isolated in November, 1921, from a patient from Nigeria, while 
the 7. rhodesiense strain had been isolated in January, 1923, from 
a patient from the Luanga Valley. Both strains had been kept 
in small laboratory animals and had not undergone cyclical trans- 
mission since the time of their isolation from man. In 1931, the 
strains were taken out to Nigeria in guinea-pigs and were maintained 
afterwards in guinea-pigs and white rats. 

Brucet Strains.—Brucet 1, a stock laboratory strain, was isolated 
from wild G. morsitans in 1928, and had been maintained in a series 
of dogs and monkeys. 

Brucei 2 was isolated from wild G. morsitans in May, 1930, and 
was first maintained in dogs and then in guinea-pigs. 

Brucei 3 was obtained from a naturally infected dog in November, 
1932, while brucei 4 was isolated from wild G. morsitans at the same 
time. Both strains had been maintained in guinea-pigs. 


VIRULENCE IN SMALL LABORATORY ANIMALS 


The virulence of the strains has been worked out chiefly in 
guinea-pigs. In assessing virulence, the factors to be noted are 
(a) the incubation period, (6) the character of the disease, as indicated 
by the numbers of trypanosomes in the peripheral blood, and (c) the 
duration of the disease. Kligler and Rabinowitch (1927) have shown 
that the incubation period varies according to the number of trypano- 


somes inoculated. 

In the Gadau laboratories, it has been possible to vary the incuba- 
tion period of a strain of 7. brucei in white rats from one to ten days, 
according to the number of trypanosomes injected. Apparently, 
when comparatively few trypanosomes are injected into an animal, 
the resistance of the host may be able to control the disease to some 
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extent ; on the other hand, the injection of many hundreds of millions 
of trypanosomes may overcome completely the natural resistance at 
the start and so profoundly effect the whole course of the disease. 
‘This seems to be a matter of considerable importance, as it is obvious 
that when an infected tsetse-fly bites an animal only a comparatively 
small number of trypanosomes can be injected. In the same way, 
the inoculation of a few c.cs. of blood from a patient suffering from 
chronic sleeping sickness entails the injection of a comparatively 
small number of trypanosomes. On the other hand, with direct 
transmission in laboratory animals, it is easy to choose just the 
opportune moment, when trypanosomes are comparatively numerous 
in the blood, for passing on the strain. In this way the infecting 
doses tend to get bigger and bigger, and this may play a considerable 
part in producing the increase in virulence which occurs so commonly 
with laboratory strains. 

The following is a summary of the observations made :— 

Gadau strains 1 to 5 and 7 behaved in a way typical of 7. gam- 
biense: the first few guinea-pigs inoculated showed a very chronic 
infection and lived from 100 to 200 days. Of these strains, Gadau 4 
seemed to have the highest virulence, trypanosomes starting to 
become numerous in the blood of the first guinea-pig a month after 
inoculation from the monkey. Gadau 3 had a very low virulence and 
it was five months before trypanosomes became numerous in a 
guinea-pig ; with this particular strain it was not possible to lower 
the incubation period to less than ten days, however big the infecting 
dose, while with the other strains incubation periods of two and three 
days could be obtained by judicious dosage. Strain Gadau 6 was very 
virulent from the start. Trypanosomes showed up numerous in a 
monkey 14 days after its inoculation from man. It was sub-inoculated 
into a guinea-pig, and trypanosomes became fairly numerous 6 days 
later, the animal dying on the eighth day. Sub-inoculated into rats, 
swarming infections were produced on the fourth day. After a few 
direct passages, this strain killed guinea-pigs in 7 to 10 days and white 
rats in even less time. 

Ayu strains 5, 7, 8, 9 and 11 were obtained from chronically 
infected guinea-pigs left after G. tachinoides transmission experi- 
ments. ‘They were all comparatively avirulent, and their behaviour 
in guinea-pigs was very similar to that of Gadau strains | to 5 and 7. 
Ayu 6 was obtained from a guinea-pig which had been used for a 


—————“™ 





368 

G. morsitans transmission experiment. It was found to be very 
virulent and was similar in this respect to Gadau 6. 

London Strains.—Both these old laboratory strains were very 
virulent and killed both guinea-pigs and white rats in a few days. 

Brucet Strains.—Strain brucet 2 was not particularly virulent 
when first isolated, but after a few direct passages its virulence 
became very much exalted. Brucet 1, 3 and 4 were all virulent 
to small laboratory animals, but if anything they were less so to 
guinea-pigs than were Gadau 6, Ayu 6 and the old London strains. 


THE OCCURRENCE OF POSTERIOR NUCLEAR FORMS 


Lavier (1927) and Kleine (1927) both demonstrated the presence 
of posterior nuclear forms in 7’. gambiense infections. Lavier, working 
with guinea-pigs, found occasional posterior nuclear forms in each 
of the seven strains of J. gambiense which he examined. He noted 
that posterior displacement of the nucleus was less common and not 
so well marked as in 7. rhodesiense infection ; in particular, he never 
found the nucleus posterior to the blepharoplast. 

The writer has been able to confirm these results, in that posterior 
nuclear forms have been found in all the Nigerian strains in which 
an adequate number of short forms was counted. ‘The standard of 
posterior displacement adopted was that the nucleus must lie com- 
pletely within the posterior third of the trypanosome. In examining 
slides, for the first 200 to 360: trypanosomes, both long and ‘short 
forms were counted: so as to obtain :the percentage ‘of short ‘forms. 
‘\fter this,'in order to save time, only short forms: were noted and the 
number of posterior forms worked per cent. of short forms: 

Occasional posterior nuclear forms only were found in the 
following strains: Gadau 1, 2, 4 and 7 and Ayu 7, 8, 9 and I1. 
Posterior nuclear forms were found to be comparatively numerous 
in Gadau 3, 5 and 6, Ayu 5 and 6 and in the brucei strains. Counts 
were not made for the old laboratory strains. Within the individual 
strains great variations were noted at different times. 

Strain Gadau 3.—A number of guinea-pigs were examined, and 
about 4,000 short forms counted. In individual animals posterior 
nuclear forms varied from (0) to 15 per cent. of all short forms. With 
several animals percentages of 10 to 15 were quite common. ‘The 
following ‘Table gives examples of counts made from time to time on 





two of the guinea-pigs. 
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"TABLE | 
Showing variations in the percentage of posterior nuclear forms in the guinea-pigs 
infected with Gadau 3 














No. of short ‘Total no. No. of | No. of posterior 
No. of forms per of short posterior nuclear forms per 
animal Date cent. of total forms nuclear cent. of total 
tryps. counted forms short forms 
Guinea-pig 19 8/8/30 93-0 202 0 ) 
17/8/30 17:1 184 0) 0) 
3/9/30 26-4 157 4 2.5 
Guinea-pig 50 | 7/11/30 20-1 226 34 15 
13/11/30 51-0 225 { 1-8 
19/12/30 25-2 344 30 8-7 
30/12/30 49-7 266 16 6-0 





Gadau 5.—At the time that this strain was examined it was 
already 18 months old. Posterior nuclear forms were found up to 
4-5 per cent. In one guinea-pig one form was noted which had its 
nucleus posterior to the blepharoplast. 

Gadau 6.—This strain, together with the other virulent strains, 
killed off laboratory animals with great rapidity. So much was this 
so that the Gadau stock of experimental animals was insufficient for 
their maintenance for considerable lengths of time, and when once 
the main tests were completed, the strains had to be discarded. 
Unfortunately, the series of guinea-pig blood films which had been 
saved for future examination showed a great proportion of long 
slender forms, and short forms were rare. In a mouse short forms 
were more numerous, and 23 per cent. of these were found to have 
posterior displacement of the nucleus. 

Ayu 5.—Numbers of both guinea-pigs and mice were examined, 
and posterior nuclear forms found to be comparatively common. 
Percentages of from () to 17 being obtained in individual animals. 

Ayu 6.—There was a great proportion of long slender forms in 
the slides saved for examination. In mice, posterior nuclear forms 
were numerous, percentages up to 29-4 being obtained. 


REACTION TO TRYPARSAMIDE 


The reaction of all strains to tryparsamide was tested in guinea- 
pigs. ‘These animals were found to be the most suitable, in that 
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heavy infections could be obtained fairly easily, whereas both white 
rats and white mice seemed to be little susceptible to some of the 
less virulent strains. ‘The number of experimental animals required 
for an exhaustive testing of a considerable number of strains is very 
large, and guinea-pigs were the only animals that we possessed in 
anything like sufficient numbers for the purpose. As it was, the earlier 
tests had to be somewhat incomplete. Where possible, 5 animals 
were treated at a time and were given intraperitoneal injections of 
measured doses of tryparsamide made up in 2 c.c. of water. As far 
as it could be arranged, animals were not treated until their infections 
were 2 to 4 weeks old, with trypanosomes moderately numerous in 
the peripheral blood. It is obvious that this could hardly be done 
with the more virulent strains. 

‘The object of the tests was to determine the dose of tryparsamide 
in grammes per body weight of guinea-pig which would sterilise the 
peripheral blood. Yorke, Murgatroyd and Hawking (193la) used 
the term Minimum Effective Dose to mean the minimum dose which 
sufficed to clear the blood of at least 80 per cent. of the treated animals, 
irrespective of time. In our case, time was a factor which had to be 
considered, as periodic remissions tended to occur with the less 
virulent strains. For this reason the sterilising dose was arbitrarily 
fixed as the minimum dose which would suffice to clear the blood of 
80 per cent. of the treated animals within 3 days. 

The results of these observations are shown in the accompanying 
Tables. It will be seen that there was a tremendous variation in the 
natural susceptibility to tryparsamide. Strains Gadau 4 and Ayu 5 
were very sensitive to tryparsamide, being killed by 0°004 and 0°008 
grammes per kilogram of body weight respectively, whereas Ayu 6 
was comparatively resistant, the sterilising dose being in excess of 
()-25 grammes per kilogram. ‘The other Nigerian sleeping sickness 
strains occupied intermediate position between these two extremes. 
It was rather curious to find that, while the old rhodesiense strain was 
comparatively resistant, the old London gambiense strain was still 


fairly sensitive. 


REACTION TO HUMAN SERUM IN VITRO 


All the strains were tested against normal human serum according 
to the 7m vitro technique described by Yorke, Adams and Murgatroyd 
(1930). One part of diluted blood containing 20,000,000 trypanosomes 
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"TABLE II 


Showing the action of tryparsamide on strains Gadau 












































Trypano- | 
Dose in somes in No. — “ 
grms. per No. of | peripheral which | ‘Time guinea- 
Strains Date kilo. of | guinea- |blood. No.' became in pigs 
body pigs per field neg. hours caimmiiaedl 
weight ae ya neg. (days) 
Gadau 1 | 8/1/30 ‘04 5 2 24.48] 1: 16 
a2 «6G 
Gadau 2} 16/12/30 “04 5 oD 6-24 I: 32 
hr « 
i: 3 
| 33 6S 
| 1: died 
Gadau 3 | 15/12/30 04 5 5 | 6 } 1: 32 
| | l : 25 
| | 3: died 
J | OE SAT, eee: Smee Sms 
Gadau 4| 21/8/30 04 4 | 2 | @ | 31 
| | 1: 30 
| | 1: 37 
| | Ll: died 
2/9/30 -008 3 3 | 12-24] 1: 7 
| |} I: 9 
|} 1: 10 
25/9/30 004 5 4 | 24-72; 3:31 
_ | 2: 9 
| 1: 13 
Gadau 5 | 3/12/30 04 3 3 6 1: 30 
is 3 
| 1: died 
Gadau 6; 14/12/31 04 3 0 | sol 
8/1/32 08 5 5 6-24 | 1: 11 
| 1:17 
| I: § 
2: 10 
Gadau 7 | 2/9/32 O4 3 | 5-20 1 72 1: 10 
30/9/32 04 5 3-20 3 24-48 | 1: 21 
7: a3 
1: 18 
12/1/33 06 5 4 1: 3 
l: 4 
UF 
1: cured 
Results : Sterilising dose : Gadau 1 >-04 grms. per kilogram. 
™ 2<'04 
3 <-04 
, 4 -004 
5 <-04 
6 = -04--08 
7 -06 
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"TABLE III 


Showing action of tryparsamide on strains 

















Trypano- | ; : 
Dose in | somes in | No. — - 
grms. per; No. of | peripheral | which ‘Time la 
ee | >". ; : ; guinea 
Strains Date kilo. of | guinea- blood. No.) became in pigs 
body pigs per field | neg. hours Pht 
° * } 
weight 1/6 obj. | neg. (days) 
No. 5 oc. | 
Ayu 5 30832 -4 5 4-20 5 6-9 1: 28 
: 2 
‘+. 9 
i: 7 
| 1: died 
20:9 32 | -02 5 4-20) 5 6-24 1: & 
ik: & 
7: te 
1: 14 
1: died 
24, 10/32 1d y 1-20 rs) 24-48 tt 2 
Ll: 23 
1: 22 
1: 2 
1: died 
29/12/32 ‘Ol ! o }-20 o 24-45 2: 3 
I: 4 
1; 32 
1: died 
17/1/33 | -005 5 10-20 l 24 1: 3 
11/2/33 | -008 5 11-20 ' 24-72 2: 3 
Ll: .4 
i: 
Avu 6 14/12/31 | = -04 | 3 | ses | f — iain 
4/1/32 | 25 5 . -? j -24 h: 12 
Avu 7 23/8/32 | = -04 5 2.20 2 6-12 1: 35 
| 1: cured 
26/9/82, | -O4 5 7-20 l | 48 i: 2 
1710'32 | -06 5 1.20 5 | 8. 3: & 
| bs @F 
a 
| | 2: 4 
Ayu9 | 171032 | -O4 5 1-10 | 62) | 2848s 5 
| | 5: 
121/33 | 06 § 1-20 5 | 12-48 3: 7 
| 2 
| is g 
Results : Sterilising dose: Ayu5 — -008 grms. per kilogram. 
» - > 
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‘TABLE IV 


Showing action of tryparsamide on strains 









































l'rypano- . Length of 
Dose in somes in No. clans 
grms. per No. of peripheral which Time guinea- 
Strains Date kilo. of | guinea- blood. No. became in pigs 
body pigs per field neg. hours a 
weight 1/6 obj. ie 
No. 5 oc. mom: Wenge) 
Ayu 8 30/8/32 ‘U4 5 5-20 U ‘sie 
16/8/32 | —-20 3 10-20 3 24 1: 19 
l 4 15 
a3 35 
0/9/82 | -O8 ” = 25 2 48 1: 10 
| fs 4 
20/9/32 | 12 33 1-10 2 72 Is § 
| 1: died 
11/10/32 | +16 5 5-20 3 24 1:22 
as 4 
l: @ 
1: 2 
| | : died 
4/11/32 50 Wd 5 1-20 5 2 1: 20 
'< 2] 
| te 
i: 
| 1: 30 
=| | | 
Ayu 1] 26/9/32 | “O4 a 8-20 4 24-48 1}: 15 
| is a 
2: 9 
11/10/32 03 5 3-20 ] 72 ls & 
London | 14/12/31 -‘O4 4 0 0 
rhod, 29/12/31 25 5 0 () 
london | 
gamb. 16/12/31 ‘O4 4 6-12 
Brucei 3 12/11/32 30 5 4 24 12 64 
I: & 
Brucei 4 9/11/32 03 > 5 24 a 
| he 39 
is 56 
| | 2: 39 
28/12/32 25 > 4 24-48 3s 6S 
‘3: 6 
1: 68 
3 2 
Results : Sterilising dose: Ayu 8 ‘14 grms. per kilogram. 
. 2 0. 
London rhodestense ~>+25 
gambiense 04 
Brucet 3 30 
4 25 
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per c.c. was mixed with 19 parts of fresh human serum and 
inoculated at 37° C. It was found to be essential that the serum 
should be quite fresh. Laveran and Mesnil (1902) state that human 
serum does not lose its trypanocidal power for some time unless it is 
contaminated by moulds or bacteria. ‘Their observations were con- 
firmed by Goebel (1907), Leboeuf (1911) and Adams (1928). Razgha 
(1929) refers to Mesnil’s later work as showing that serum loses its 
power to damage trypanosome if it is kept for several days, and 
mentions that Zeiss and others were not able to confirm this. Here 
it was found that the trypanocidal power of human serum taken with 
aseptic precautions and kept on ice diminished on standing. Observa- 
tions were repeated several times and the decrease of trypanocidal 
power was well marked in all cases, even though the sera appeared 
quite sterile. Details of such an experiment are given in Table V, 
which shows the effect of keeping human serum on ice for 6 days. 


TABLE V 


A comparison between the trypanocidal action of fresh human serum and that of the 
same serum kept on ice for 6 days 





Date | Human serum No. of living trypanosomes per 256 squares 























| | of the haemocytometer scale 
| Start | 3hrs. | 6 hrs. | 9hrs. | 24 hrs. 
“ licencia ss ! se : 
12/1/33 | Adamu 82 0 | 
Ozegiya aia 88 mm 
: 2/1/33 
Ibrahim token: 16/1) 90 Se al — 
Sheep | 86 84 89 730338 
18/1/33 | Adamu ies 66 16 9 4 | 0 
Ozegiya cs aa «60 29° | 15 133 ti«OO 
Ibrahim [oe ee 89 2 | B 5 | oO 
Sheep j "Ore SYS | 50 61 | 57 60 | 32 
| | 
| | 








Some European sera were used in these experiments, but for the 
main part the donors were African members of the Gadau staff. 
Taken as a whole there were no obvious differences in trypanocidal 
power between European and African sera. 

It should be mentioned that at one period considerable difficulties 
were encountered. In the cool seasons of the year numerous tests had 
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been carried out, both by the writer and by Dr. R. D. Mackenzie, 
and there had been no trouble in keeping trypanosomes alive in the 
control sheep sera. During April and May, 1932, when the daily 
maximum shade temperature varied between 100° and 110° F., 
results obtained by both workers were very irregular. It was often 
quite impossible to keep trypanosomes alive in sheep’s serum for 
more than 6 hours. Heating the serum for half an hour at 64° C. 
seemed to make matters a good deal worse. Results with individual 
sheep were very variable and it was noticed that after a sheep had been 
bled a number of times its serum often showed a falling off in the 
power of supporting trypanosomes im vitro. For the time being, 
in vitro experiments had to be discontinued. 

In July, after the onset of the rains, the weather was a great deal 
cooler, and from then onwards the writer had no further difficulty 
with the controls. A large number of sheep’s sera were tested, and 
it was not found possible either by frequent bleeding or by heating 
the sera to effect the power of supporting trypanosomes. No explana- 
tion can be given for these phenomena, though it might be pointed 
out that Mackenzie and Marshall (1930) at Gadau found that guinea- 
pigs were deficient in complement during the hot season and that 
the titre increased as soon as the cold weather set in. It is now 
realised that it is difficult, if not impossible, to do serological work 
here at the hottest time of the year, and any results obtained during 
these two or three months have to be discarded. During the remainder 
of the year similar difficulties are not encountered. 

‘The results of typical experiments done with each strain are given 
in ‘lables VI and VII. It will be seen that both Ayu 6 and Gadau 6 
were very sensitive to normal human serum, practically all the trypano- 
somes being killed within 3 hours. ‘The old London strains were 
sensitive to a similar degree, while the remainder of the human 
strains were completely insensitive. Of the two brucez strains, nos. | 
and 2 were killed off within 6 hours, while nos. 3 and 4 were killed 
in 3 to 4 hours. 


TRYPANOCIDAL POWER OF INDIVIDUAL HUMAN SERA 


An attempt was made to find out whether any considerable 
proportion of the local population showed a decrease or loss of serum 
trypanocidal power. Sera from 5 Europeans, 107 normal Africans 


———”~ 9 





‘TABLE VI 





Showing the action of normal human serum on strains bruce: | to 4 and Gadau 1 to 5 





Strain 


Brucei 


~ 


Bruce 2 


Bruce 3 


Brucei 


(sadau | 


Gsadau 2 


(sadau 3 


(sadau 4 


(sadau 5 


— 
| 


Date 


6 8 30 


&§ 10°30 


3/11/32 


3/11/32 


DLE IO 


8/11/30 


6/11/30 


24°10 30 


7 ‘10/30 





Number of living trypanosomes per 256 
































Serum squares of the haemocytometer scale 
Start 3hrs. | 6 hrs. | Yhrs. 24 hrs. 
RE | VON Ae eS eee » 

H.M.O.L.. 37 24 3 v0 

Adamu 61 14 | 0 

Usman 76 16 2 0 

Melle 76 20 6 0 

Monkey control 116 107 106 YS 

Dodo 53 15 8) 0 

Isa 38 8 | 0 a: 

Hama 33 Ml 3 0 

Monkey control 43 40) 42 47 

Bulama 58 15 0 

Bako 43 1] 0 

Musa 20 7 0 ae — 

Sheep control 32 30 28 26 6 
| Bulama 50 4 0 

Bako 64 l 0 

Musa 39 0 0 a ~ 

Sheep control S82 SY 100 9] 47 

Bako 57 a2; 49 45 22 

Usman 62 43 | 40 38 0 

Bekete 51 5) 53 46 15 

Musa ay 44 | 46 36 0 

Bako 5] ae ae 37 12 

Adamu 50 49) 39 31 0 

Bekete 41 36 49 | 35 5 

Musa = oD | 43 33 ou 

Bako 47 72 | 1% 57 25 

Usman 66 68 | 72 64 0 

Bekete 64 71 | 68 " 25 

Musa 58 | 56 | 47 41 17 

Adamu 35 39 | 34 32 

H.M.O.L. 43 aa 40 36 

Hardo . 38 

Sheep control 46 43, 41 47 

Bako 65 47 | 42 4] il 

Usman 51 50 ss! 46 29 0 

Bekete 56 56 60 53 1d 

Nusa 60 72 57 55 0 








‘TaBLe VII 


Showing the action of norma! human serum on strains Gadau 6 to 7, London gambiense 
and rhodesiense and Ayu 5, 6, 7, 8, 9 and 11. 














Number of living trypanosomes per 256 
























































Strain Date Serum squares of the haemocytometer scale 
7 Start | 3hrs. | 6hrs. 9hrs. | 24 hrs. 
Gadau 6 | 21/12/31 © Emanuel 61 4 0 
Paul 46 ] 0 
Bulama 43 0 0 
Sheep control 46 49 41 ‘it 
Gadau 7 | 9/8/32 Adamu 46 34 29 30 18 
Bulanyu 39 36 37 39 26 
Isa 25 49 34 29 20 
Sheep control 26 22 17 13 19 
London 10/12/31 | A.J. 64 0 
gambiense Adamu 47 0 
Bako 38 0 nee 
Sheep control 33 35 39 
London 15/12/31 | H.M.O.L. 54 0 
rhod. Adamu 67 0 | 
Bako 55 3 _ 
Sheep control 60 55 63 
| 
Ayu 5 9/8/32 Dodo 77 102. | 100 98 60 
Bulama 64 105 | 96 102 54 
Bako 75 89 | 80 96 52 
Sheep control 56 90 | 96 104 49 
= 
Ayu6 =| 10/12/31 A.J. 38 3 | 0 | 
Adamu 37 1 | 0 | 
Bako 43 O | 0 
Sheep control 39 37 | 43 | 
Ayu 7 13/8/32. Musa 62 79 | 883 73 25 
Abdala 67 8] 82 75 29 
Garuba 89 88 110 87 27 
Sheep control 82 | 88 72 65 29 
| 
Ayu 8 5/8/32 | Dodo 65 | 34 51 64 35 
Bulama 56 : 44 36 38 16 
Bako 68 | 67 60 65 22 
Sheep control 61 | 48 78 45 36 
Ayu 9 9/8/32 Haruna 30 | 34 33 28 12 
Sale 38 | 43 37 32 10 
Bassey 32 | 2 20 13 ] 
Sheep control 44; 42 34 40 12 
Ayull 5/8/32 Dodo 26 | 28 23 12 18 
Bulama 33 | 22 21 24 8 
Bako 26 | 17 20 15 6 
Sheep control 15 11 6 8 : 

















378 


and 102 patients attending the Gadau dispensary were tested against 
strain brucei 4. ‘Vhe majority of the normal Africans were adult male 
labourers, while the patients were picked at random and included 
men, women and children. As far as possible, cases of sleeping 
sickness were excluded. Out of the total of 214 sera tested, only one, 
that from a case of secondary syphilis, showed any marked diminution 
in the trypanocidal power. With this serum trypanosomes survived 
for 9 hours, whereas with normal serum they were destroyed within 
3 to 4+ hours. 


TasLe VIII 








Showing the diseases from which the 102 patients were suffering 
No. of No. of No. of 
Disease cases Disease cases Discase cases 
tested tested tested 
Syphilis ... on] a Dysentery si 3 Abscess ... I 
Guinea worm... 6 Gastritis ... = 3 Elephantiasis | 
‘Tropical ulcer Lymphosarconia | Arthritis | 
Chronic bronchitis 5 Middle ear disease ? Pyelitis ... l 
Sleeping sickness f Disseminated 
sclerosis 2 Epilepsy 3 
Malaria ... a 5 Constipation | Injury l 
Gonorrha@a un 6 Variocele | Senility ... 2 
Leprosy ... - 3 Hernia Z Cardiac disease 2 
[Liver abscess —... Eczema 2 ‘Tuberculosis | 
Catarrhal jaundice | Schistosomiasis ... 2 Splenic anaemia | 
Conjunctivitis —.. Ascites | Rheumatism | 


HUMAN INOCULATION EXPERIMENTS 


Various workers, ‘l'aute (1913), 'aute and Huber (1919), Curson 
(1928) and Duke (1932) have attempted to infect men experimentally 
with 7. brucet by the injection of living trypanosomes. Up to the 
present, such experimental inoculations have yielded negative results. 
[It was decided to carry out an experiment on similar lines at Gadau. 
Three Europeans and 40 natives were injected with blood from a 
white rat infected with brucer 4. Doses of blood containing approxi- 
mately 10,000,000 living trypanosomes were inoculated into the arm 


of each volunteer. Immediately prior to inoculation the strain was 
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tested against normal human serum which was found to destroy the 
trypanosomes within 3 to + hours. It should be mentioned that all 
the native volunteers were members of the ‘T’setse Investigation Staff 
and had been made quite familiar with the details of the proposed 
experiment. ‘They were given monetary rewards which, to them, 
were adequate compensation for possible slight risk. As was antici- 
pated, the results were negative in every case. 

In making a strain of 7. brucei resistant to human serum in mice, 
Lester (1932) noticed that a strain completely resistant in mice to 
a dose of 1 c.c. of normal human serum showed no signs of this 
resistance when tested im vitro. ‘This finding was not reported at 
the time, but it has since been confirmed with another brucez strain. 
Strain brucei 4 was maintained in mice, which were treated with 
increasing intra-peritoneal injections of normal human serum, until 
such time as it had become completely resistant in the mouse to a 
dose of 2 c.c. of serum, which is about the maximum dose a mouse can 
tolerate. ‘The resistant strain from a mouse and the normal strain 
from a guinea-pig were both tested against normal human serum, 
and little, if any, difference could be seen in their behaviour. ‘The 
details of this test are given below. 


TaBLe IX 


Showing the action of normal human serum in vitro on stiain brucei 4 and on the 
same strain which had been made serum-resistant in mice 


No. of living trypanosomes per 256 


Strain Date Serum squares of haemocytometer scale 
Start 3 hrs. 6 hrs. 9 hrs. 
Brucei 4 from guinea- 25/1/32 Dau 72 + 0 
pig Umaru 67 3 0 
| Adamu 96 5 0 as 
Sheep 88 92 101 96 
Brucei 4 completely re- Dau S+4 17 a 
sistant in mice to a Umaru 60 0 0 
dose of 2 c.c. of nor- | Adamu 89 0 Vv 


mal human serum | Sheep 58 52 67 63 








380 


"TABLE X 


A summary of the characteristics of the various strains 


| 
| 
| 


Virulence in Occurrence of 


Strain small posterior 
laboratory nuclear forms 
animals 


Gadau | Low virulence Normal 
2 Normal 
3 3: Numerous up to 
15 per cent. 
4 - Normal 
o oe Up to 4:5 per 
cent. 
6 Virulent Numerous up to 
23 per cent. 
7 | Normal | Normal 
Ayu 5 Numerous up to 
17 per cent. in 
white mice 
6 Virulent Numerous up to 
29-4 per cent. 
7 Normal Normal 
8 
q 
1] ” 
London Virulent 
gamb. T. | | 
London | + 
rhod. T. 
Brucei \ 
? | Numerous 


| Less than -04 grms. 








Dose of tryparsamide 

required to clear try- 

panosome from the 

peripheral blood, grm. 
per kilogram 


Reaction to 
human 
serum 


Greater than -04 grms. Insensitive 
Less than -04 gms. 


“4 





O04 
Less than -04 grms. 


‘08 Sensitive 3 

hours 
‘O5 Insensitive 
“O08 


Greater than -25 grms. | Sensitive 3 
hours 

06 | Insensitive 

“14 

‘06 

‘05 - 

Sensitive 3 





hours 
Greater than -25 grms. | Sensitive 3 
hours 
Greater than :25 grms. | Sensitive 6 
hours 
25 Sensitive 6 
hours 
30 Sensitive 3 
to + hrs. 
D5 Sensitive 3 
to 4 hrs. 


‘This finding throws some light on Collier’s experiment (1924), 
in which he failed to infect himself and 4 others with a strain of 
T. brucei which had been made serum-resistant in animals. His 
A dose of 10,000,000 trypanosomes, 


experiment was repeated here. 
resistant to human serum in mice, was injected into | European and 
The results were again completely negative. 


5 native volunteers. 
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SUMMARY OF CHARACTERISTICS OF STRAINS 


‘The accompanying ‘lable gives a summary of the characteristics 
of the different strains. It will be seen that Gadau 6 and Ayu 6 appear 
to have the characteristics of 7. rhodesiense, while Gadau 1, 2, 4 and 
7 and Ayu 7, 9 and 11 have the characteristics of T. gambiense. ‘The 
position of strains Gadau 3 and Ayu 5 and 8 is not quite so clear. 


DISCUSSION 


The original object of these observations was to find out whether 
T’. rhodesiense occurs in Nigeria. Details of an exhaustive series of 
tests have been given, and it seems that not only do strains having 
all the characteristics ascribed to 7. rhodesiense occur but that there 
is also a whole series of strains with characteristics intermediate 
between 7°. rhodesiense and T. gambiense. It is, perhaps, worth while 
re-opening the question of the relationship between 7. rhodesiense 
T’. gambiense and the game trypanosome, and discussing this vexed 
problem in the light of these findings. 


CHARACTERS ASCRIBED TO 7', RHODESIENSE 


Trypanosoma rhodesiense was first isolated by Stephens and 
Fantham in 1910, from a sleeping sickness case in Rhodesia. ‘They 
found that their trypanosome differed from 7. gambiense in that it 
was much more virulent to small laboratory animals, and stained 
blood films from small animals contained numerous short forms with 
a characteristic posterior displacement of the nucleus. It was observed 
that 7. rhodestense, both in man and experimental animals, was resistant 
to treatment with arsenical compounds. ‘lhe character of the 
disease in man seemed different from that caused by 7. gambiense, 
rhodesiense sleeping sickness being much the more acute disease. It 
was believed to occur only in areas where game is numerous and to 
be carried only by the game tsetse G. morsitans and G. swynnertont. 
Yorke and his co-workers, finding that their laboratory strains of 
7. rhodesiense were very sensitive to human serum im vitro, suggest 
that when this trypanosome is kept in small laboratory animals it 
soon loses its resistance to human serum and becomes serum-sensitive. 
In this way 7°. rhodesiense again differs from T. gambiense. 

In practice, the most important character used to differentiate 
1. rhodesiense from 7’. gambiense seems to have been the occurrence 
of posterior nuclear forms. Archibald (1922) described the occurrence 
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of a case of rhodestense infection in the Sudan ; he based his diagnosis 
solely on the virulence and morphology of the causal trypanosomes 
in small laboratory animals. Archibald and Riding (1926) reported 
the discovery of a second case of this disease in the Sudan. On this 
occasion the diagnosis was based on the virulence and morphology 
of the trypanosomes, its resistance to atoxyl and the severity of the 
disease in the patient himself. Duke (1930) described the discovery 
of T. rhodesiense in man in Uganda ; he used virulence in laboratory 
animals, reaction to drugs, the occurrence of posterior nuclear forms 
and the adhesion test to differentiate his strain from T. gambiense. 

It is interesting to analyse the characteristics which differentiate 
these two species of the human trypanosome. Apparently 7. gam- 
biense should have a low virulence to laboratory animals and posterior 
nuclear forms should either be absent or very scanty ; it should be 
sensitive to arsenical compounds, both in man and experimental 
animals. In man, the disease should be of a comparatively mild type, 
showing typical late nervous manifestations, the vector being 
G. palpalis or allied species. On the other hand, 7. rhodesiense ought 
to be very virulent to small laboratory animals and to show numerous 
posterior nuclear forms. It should be comparatively resistant to 
arsenical compounds, and in man the disease should be of the acute 
type in which toxic symptoms predominate, patients dying before 
they have time to show typical nervous manifestations. In this 
case, the vector should be one of the game tsetse, G. morsitans or 
G. swynnertont. 


VIRULENCE 


Dealing first with the question of virulence, it is well known that, 
just as with bacteria, the virulence of any particular trypanosome 
strain is far from being a constant factor, and it is often quite easy 
to alter virulence by one means or another. 

Duke (1923) discussed the significance of virulence in the 
classification of the trypanosomes and concluded that it was quite 
unreliable. ‘Thomson and Robertson (1926) showed that by 
mechanical transmission a strain of trypanosomes maintained in a 


series of hosts of the same species usually will exhibit increased 
virulence, though occasionally the virulence may actually decrease. 
Passage through a host of a species different from the usual may 
cause the virulence to be markedly modified, either diminished or 
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increased. As has already been mentioned, Kligler and Rabinowitch 
(1927) have shown that the severity and speed of onset of an infection 
may be controlled by the size of the infecting dose. ‘The greater the 
initial dose of trypanosomes the more acute will be the nature of the 
infection. ‘hey point out that the smaller the initial dose the greater 
is the possibility of the factors of inherent individual resistance 
coming into play. 

Schilling (1930) found that a laboratory strain of 7°. brucei was 
far different in virulence from a freshly isolated strain, and that one 
cyclical passage of the old laboratory strain through Glossina sufficed 
to restore its original characteristics. 

‘The writer (1932) found that a single passage through G. tachi- 
noides profoundly modified the virulence of a strain of 7. brucet, 
though the serum-resistant properties of this particular strain remained 
unaffected. ‘Taylor and Mackenzie, working in the Gadau laboratories, 
carried out some interesting and as yet unpublished work with the 
old London strain of 7. rhodesiense. Although this old strain had been 
kept in laboratory animals for many years, they were able to secure 
cyclical passage through G. tachinoides. Prior to this passage the 
strain was very virulent to both rats and guinea-pigs, but afterwards 
they found that its pathogenicity had changed and that it had become 
almost avirulent to both these animals. At first the writer was led to 
believe that cyclical transmission has such a marked balancing effect 
that any acquired virulence must be lost and the stability of the 
strain maintained. Later work has shown that this is not always the 
case. ‘I'wo other strains of 7. brucez have been passed through 
G. tachinoides, and although there was some falling off in virulence, 
this was not so well marked as to affect the whole course of the infection 
if mice, as happened in the first experiment. Similarly, with the 
human strain Ayu 5, which had been kept going for over a year in a 
series of guinea-pigs, and had so acquired an exalted virulence, 
cyclical transmission did not produce any well-marked change. It 
is noteworthy that in these latter experiments the method of securing 
cyclical transmissions described by ‘Taylor (1932) was followed. In 
each case the tsetse were kept in an incubator at 37° C. for 6 days 
after the first infecting feed. In the early experiments the tsetse were 
kept at ordinary laboratory temperature, and it is probable that under 
such conditions cyclical transmission was produced by the bite of one 


or two infected flies only. Lloyd and Paisley (1929) concluded that 
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the number of trypanosomes which are injected at a single bite of a 
tsetse carrying a swarming infection of 7. congolense or T. vivax 
would not be greater than 1,000. It is likely that the number of 
trypanosomes injected by a fly infected with the polymorphic 
trypanosomes will be even less. In the later experiments, 200 tsetse 
were used for each transmission and the infection rates may have 
been anything up to 70 per cent. Under these conditions each 
guinea-pig would receive a very much greater infecting dose of 
trypanosomes. It seems possible that it is the size of the infecting 
dose which plays a big part in modifying the virulence of an infection 
produced by cyclical transmission, in much the same way as it does 
with mechanical transmission, although the possibility that there may 
be an actual change in the virulence of individual trypanosomes 





cannot be excluded. 

The fact that virulence is a factor which can be altered, both by 
direct and cyclical transmission, indicates that difference in virulence 
between individual strains can hardly be of much value in demarcating 
species. 


‘THE OCCURRENCE OF POSTERIOR NUCLEAR FORMS 





The occurrence or otherwise of posterior nuclear forms is by no 
means a specific character. Wenyon (1912) pointed out the insuff- 
ciency of posterior displacement of the nucleus as the distinctive 
characteristic of 7. rhodesiense. Oehler (1914) and Reichenow (1921) 
considered that differences in morphology are to be correlated with 
differences in virulence. Duke (1923) agreed with this view, and came 
to the conclusion that it is unjustifiable and misleading to endow this 
character with any specific value. He wrote: ‘I feel confident that 
epidemic strains of 7. gambiense will be found in palpalis areas in 
the Congo, and that these, under suitable handling, will yield 
posterior nuclear forms.’ Thomson and Robertson (1926) found 
that with the passage of time strains mechanically transmitted may 
change entirely in their morphological characters. ‘They were able 
to show that changes in morphology can be brought about by the 
action of drugs. 

Lavier (1927), working with guinea-pigs, demonstrated the 
presence of posterior nuclear forms in 7 strains of 7. gambiense 
isolated from G. palpalis areas near Lake Victoria. He concluded 
that these forms normally exist in 7. gambiense and that no value 
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should be attached to them as a specific characteristic. Kleine (1927), 
working at a focus of gambiense sleeping sickness on the Kavirondo 
coast, also found posterior nuclear forms in his strains. In 1928, he 
paid a visit to the rhodesiense focus at [koma and examined a number 
of strains with the object of determining whether the percentage of 
nuclear displacement renders possible differential diagnosis between 
T. rhodesiense and T. gambiense. He found that not only were there 
great variations between strains but also that great differences could 
be noted at different times within an individual strain. 

Similar results were obtained with our Nigerian strains, and it 
seems very difficult in the face of this evidence to assign any particular 
significance to nuclear displacement. 


CHARACTERISTICS OF THE DISEASE IN MAN 


It has long been recognised that the human disease in rhodesiense 
areas is of a more serious type than in gambiense areas. At the same 
time, the differences in the character of the disease are of doubtful 
significance when it comes to the question of differentiating one 
species of trypanosomes from another. Kleine (1928) compared the 
cases that he met with in the rhodesiense focus at Ikoma with those he 
had seen previously in palpalis areas. He pointed out that in the 
Sese Islands, on Lake ‘Tanganyika and on the Belgian Congo, he had 
chiefly seen cases with marked glandular enlargement and with all 
degrees of involvement of the central nervous system. Patients in 
whom the disease progressed so rapidly that there was little time for 
clinical signs of central nervous system involvement to be apparent 
were scarce. At Ikoma, the latter type of the case was 1n the majority. 
In spite of these differences, he considered that one epidemic could 
not clinically be separated from another. None of the patients at 
Ikoma would have been considered as showing unusual symptoms if 
seen in the other area, but would only have been regarded as cases in 
which the disease was particularly severe. 

In Nigeria, when only those cases coming in voluntarily to seek 
treatment could be examined, it could be said that the majority of 
cases showed severe glandular swellings and had nervous symptoms 
of all degrees up to profound mental disturbance. At the ‘Tsetse 
Investigation headquarters at one time diagnosis was made almost 
entirely on the results of gland puncture, fresh blood films being 
examined only occasionally when there was reason to suspect an early 
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case. Later, when thick blood film as well as gland juice examination 
became the routine method of diagnosis, many cases were found with 
little or no sign of glandular enlargement. When once the system of 
mass examination was inaugurated, every man, woman and child in 
a district being examined, the clinical picture was quite different. 
We can now divide cases roughly into three classes: (1) the type 
commonly met with in the field, in which the disease runs a very 
chronic course lasting several years ; patients may have few or no 
symptoms and present few clinical signs, though an examination of 
cerebro-spinal fluid commonly shows signs of involvement of the 
central nervous system; (2) the type, commonly met with among 
patients seeking treatment voluntarily, in which the disease runs a 
fairly chronic course ; in the early stages the patient may have well- 
marked toxic symptoms, but various nervous manifestations supervene, 
and these increase in severity until the death of the patient ; (3) the 
type, much less common, in which the disease runs an acute course, 
patients dying within a few months of the onset. In some of these 
cases, severe nervous manifestations come on early, in others the 
patients die before showing obvious clinical signs of nervous involve- 
ment. ‘These clinical types occur both in the epidemic areas 1n the 
northern part of the country and in endemic areas further south, 
where disease, taken as a whole, is much milder. In places where the 
disease has assumed the virulent epidemic form, class 2 is common 
and class 3 not very rare. Where the disease appears mild, class 2 is 
very much less common and class 3 is very rare, the majority of cases 
being of the very chronic type described as class 1. 

It is interesting to compare the disease as seen in Nigeria with 
the rhodesiense sleeping sickness described by Buchanan (1929) as 
occurring in an epidemic focus in ‘l'anganyika ‘Territory. He divided 
his cases into three distinct clinical types: (1) that in which cases 
run a very acute course and if untreated die in from 2 to 3 months ; 
(2) that in which the disease takes a chronic form ; after an insidious 
onset, followed by a period of remission, the progress of the disease 
is verv slow, the patients being able to carry on their usual occupations 
for many months ; (3) the type in which, after an acute onset, there 
are few signs of systemic disturbance but with marked symptoms 
and signs of central nervous system involvement. It is apparent that 
type | of the Nigerian cases correspond roughly with type 2 of 
Buchanan’s cases, type 2 with his type 3, and type 3 with his type 1. 
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The real difference appears to lie in the fact that in Nigeria the milder 
types of the disease are the most common, whereas in the rhodesiense 
area the acute type of the disease is the most common. 


RESISTANCE TO ARSENIC COMPOUNDS 


Although at one time a natural resistance to arsenical compounds 
was regarded as one of the criteria of 7. rhodesiense, for some years 
workers in the field have been meeting with cases of gambiense sleeping 
sickness which appear completely resistant to treatment with tryparsa- 
mide. Duke (1930), in reporting his discovery of 7. rhodesiense in 
Uganda, mentions that he had isolated three strains from patients 
resistant to treatment with this drug. When these strains were 
investigated in the laboratory one of them was found to be 7. rhode- 
sense, while the other two behaved like typical 7. gambiense except for 
their abnormally high resistance to arsenical drugs. When we came 
to consider the Nigerian strains we found that there were great 
variations between the individual strains. Some were very sensitive 
to tryparsamide, others were moderately sensitive, and yet others had 
a comparatively high degree of natural resistance. In view of the 
above, resistance to arsenical compounds can hardly be regarded as 
a significant characteristic. 


VECTOR OF THE ‘TRYPANOSOME 


T. rhodestense is said to be carried invariably by one or other of 
the game tsetse. This again is rather a doubtful point. Duke (1930) 
records that he and Van Hof recovered, in 1929, a strain from a 
native woman in the Kilo Minawa, near the western border of Uganda, 
and that this strain proved indistinguishable from 7. rhodesiense ; 
G. pallipides and G. palpalis and one or more of the big forest species 
were the only tsetse known to occur in that part of the Congo. Among 
our strains, Ayu 6 has all the properties of 7. rhodesiense, and yet it 
was isolated from a district where the vector is G. palpalis, the nearest 
known focus G. morsitans being many miles away. It might be 
argued that the particular strain had just undergone a laboratory 
transmission with G. morsitans and that it might have been this 
transmission through G. morsitans which produced the characteristics 
typical of T. rhodesiense. ‘This possibility, although unlikely, cannot 
be excluded ; but if this is actually what did happen, that is, if a 
single cyclical transmission could be sufficient to convert a strain of 
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7. gambiense into a strain of 7. rhodesiense, obviously these two 
trypanosomes would have to be one and the same thing. 


RELATIONSHIP BETWEEN 7°. GAMBIENSE AND 7’, RHODESIENSE 


Soon after 7. rhodesiense was described, Kinghorn and Yorke 
(1912) came to the conclusion that no differences exist between this 
trypanosome and 7°. brucet. Bruce and his co-workers (1913) reached 
the same conclusion. Other observers, ‘Taute (1913), Kleine (1914) 
and Beck (1914), did not agree, but believed that the human trypano- 
some 7’. rhodesiense was a different species from the game trypanosome 
T. brucei. Ever since there has been a controversy as to the nature 
and origin of 7°. rhodesiense. At the present time there are three main 
schools of thought. Brumpt (1924) and the French workers believe 
that 7’. gambiense, T. rhodesiense and T. brucei are three distinct 
species and as such cannot be converted one into the other. Kleine 
(1928) considers that the two human trypanosomes are identical but 
are essentially different from the game trypanosome, 7. brucez. 
Yorke and his co-workers (1929) have expanded the old theory of the 
British workers : they suggest that the human trypanosomes are only 
strains of T. brucei which, by one means and another, have acquired 
a resistance to human serum. T°. rhodesiense is the form which has 
only recently come from game and so is still in the process of acquiring 
a resistance, while 7°. gambiense, being further removed from game, 
has a resistance which is much more of a fixed character. Duke 
(1928) has similar views: he believes that the differences that exist 
between 7. rhodesiense and T. gambiense are only due to environment, 
and that 7. gambiense and 7. brucei are even more closely related to 
one another. 

Now to consider the Nigerian strains. If Brumpt is correct and 
7. gambiense and T.. rhodesiense are separate species, then Ayu 6 must 
be a strain of 7. rhodestense, somewhat abnormal as it occurred in 
G. palpalis country. Gadau 6 must be another strain of 7’. rhodesiense, 
atypical in that it had a comparatively low resistance to tryparsamide. 
Ayu 5, from G. palpalis country, and Gadau 3 and 6, from G. tachi- 
noides, G. morsitans country, must be either abnormal strains of 
T. gambiense which showed numerous posterior nuclear forms, or 
atypical forms of 7°. rhodesiense of abnormally low virulence which 
has a lowered resistance to tryparsamide. Ayu 8 must be a strain of 


T. gambiense with an abnormally high resistance to tryparsamide. 
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Such a classification seems absurd. ‘lhe various characteristics which 
have been used to differentiate 7. rhodesiense from T. gambiense 
appear altogether unsatisfactory. ‘lhe writer believes with Kleine 
that the two trypanosomes are identical. ‘lhe trypanosome described 
as 1’. rhodesiense is nothing more nor less than a virulent strain of the 
ordinary human trypanosome 7°. gambiense. 


RELATIONSHIP BETWEEN THE HUMAN AND (GAME ‘'TRYPANOSOME 


If this view is correct, there are still two ways by which the more 
virulent type (7°. rhodesiense) may arise. Yorke and his school may 
be right, in which case the virulent strains are those which have been 
derived recently from game and so must be considered as strains of 
7. brucei which have only just gained a footing in man. ‘The less 
virulent strains (7°. gambiense) will be strains of the game trypanosome, 
whose characteristics have been altered to some extent by prolonged 
sojourn in man. On the other hand, if Kleine is right and the human 
trypanosome is altogether distinct from the game trypanosome, then 
the more virulent strains must be ordinary 7. gambiense which have 
been modified by their environment, probably, as suggested by 
Buchanan (1929), by the factors particular to host resistance. 

‘he main point against Yorke’s theory is that so far no one has 
succeeded in infecting man experimentally with a strain of 7. bruce. 
Professor Lefranchi was infected accidentally in Europe by a laboratory 
trypanosome strain, but there has always been some doubt as to the 
nature of the trypanosome concerned. Mesnil (1930) describes the 
case of one of Vauchel’s laboratory assistants who became infected 
accidentally with an old laboratory strain of what was believed to be 


7. brucez. In the numerous inoculation experiments which have 
been carried out from time to time there has never been a single 


positive result. It has been argued—and quite rightly—that these 
failures mean very little ; probably the subjects of these experiments 
were persons whose sera had normal trypanocidal properties, in which 
case positive results could hardly be expected. 

On the surface, Collier’s findings, confirmed here at Gadau, 
seem to indicate that the natural trypanocidal power of the serum is 
not the factor which prevents the infection of man with 7. brucet. 
‘The writer’s observations that a strain of 7. brucei resistant to a full 
dose of human serum in a mouse showed little sign of this resistance 


when tested 7m vitro against pure human serum, seems to throw light 
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on this point. ‘The strain resistant in vivo did not differ when tested 
in vitro from the normal strain, and so it is hardly to be wondered at 
that the inoculation of this apparently resistant strain did not give 
results differing from those of previous experiments. Further work 
will be required before it is possible to determine the cause of this 
discrepancy between the in vitro and in vivo findings. As has been 
steted by many workers, the mouse may play some part in the reaction. 





Alternatively, trypanosomes in a mouse from the nature of things can 
only be exposed to the action of very much diluted human serum, 
and the resistance which is acquired may be too small to show when 
tested against pure serum 7 vitro. 

Corson (1932) succeeded in infecting himself with a strain of 
T. rhodesiense which had been maintained for 12 months in sheep. 
At the time of inoculation this strain was partially sensitive to normal 
human serum, being destroyed within 6 to 7 hours. Corson’s own 
serum appeared to have normal trypanocidal properties. Duke (1932) 
argues that these findings show that there is an inherent fallacy in 
Yorke’s theory that the infectivity of man is determined by the 
trypanocidal properties of his serum, and that other factors must be 
looked for. However, this need not necessarily be so, as Corson’s 


result can be accounted for if it is assumed that not all the trypano- 
somes had lost their resistance to human serum. ‘The strain was still 


partially resistant ; as far as could be detected, all trypanosomes were 
destroyed within 6 to 7 hours ; but it is quite feasible that a minute 
proportion of the trypanosomes were still completely resistant, and 
that, inoculated into man, these were sufficient to produce the disease. 
De Kruif (1921) and Wilson (1928) have shown with bacteria that 
there is a true discontinuous variation in virulence. In any one 
culture the bacteria are either virulent or avirulent and there are no 
intermediate forms, the net virulence of the culture depending on the 
proportion of virulent to avirulent forms. Yorke, Murgatroyd and 
Hawking (1931b), from their observations on the action in witro of 
various arsenical compounds, conclude that all individual trypano- 
somes are not equally sensitive to the action of a drug. They believe 
that the development of drug resistance is fundamentally the result 
of a process of mutation or gradual change, although the possibility 
cannot be excluded that under certain conditions selection may play 
some part. The writer suggests that their experiments do not rule 
out an all-or-nothing change as must occur in bacteria. With 
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minimum doses of a drug a few trypanosomes might be changed by 
each exposure, while, with maximum doses, more trypanosomes 
would be changed at each exposure and many of the sensitive trypano- 
somes killed off. A similar process might occur when a trypanosome 
is acquiring or losing resistance to human serum, so that with Corson’s 
strain the individual trypanosomes may not have been equally 
sensitive to human serum. 

At present, Yorke’s hypothesis, attractive though it is, can only 
be supported by indirect evidence, as it has yet to be proved con- 
clusively that a strain of 7. brucet can be made to infect man. Until 
this has been done, further progress cannot be made along these lines, 
as indirect evidence alone will not suffice. Fresh human inoculation 
experiments will have been undertaken, though there now seems to 
be little point in injecting more healthy volunteers with normal 
strains of 7. brucei. ‘There appear to be two lines of approach to 
the problem : either the injection into man of a strain of 7. brucet 
completely resistant to pure human serum, or the injection of normal 
human serum into patients suffering from liver diseases, etc., whose 
sera have been proved to be completely deficient in trypanocidal 
power. For obvious reasons the second of these methods would be 
difficult of accomplishment, but there do not seem to be any insuper- 
able reasons why the first should not be tried. ‘The zm vive technique 
has been shown to be of no value in making a 7°. bruce? strain com- 
pletely resistant to pure human serum. ‘There should be little 
difficulty in adapting for this purpose the im vitro technique used by 
Yorke, Murgatroyd and Hawking (1931b) for making trypanosomes 
fast to drugs. Once this has been done there is little doubt that 
volunteers could be obtained who would agree to the inoculation. 

The probability is that under certain conditions 7. brucet can 
adapt itself to man, and that originally the human trypanosome must 
have been evolved in this way. However, such a happening is likely 
to be a rare accident and hardly accounts for the frequent occurrence 
of the rhodesiense type of trypanosome. Out of the 13 Nigerian 
strains investigated, 2 appeared to be of this type, while another 4 
had intermediate characteristics. When the sera from the local 
inhabitants were examined, it was found that, out of 107 healthy people 
and 102 patients suffering from various diseases, there was not one 
which had lost completely its trypanocidal power. In only one man 
was the trypanocidal power markedly diminished, a case of secondary 
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syphilis whose serum killed a strain of 7. brucei within 9 hours, 
whereas normal human serum killed it within 3 to 4 hours. Admittedly 
these numbers are small, but it is hard to believe that there can exist 
locally sufficient abnormalities in the trypanocidal power of the sera 
of the general population to account for the findings with the strains 
investigated. Again, Ayu 6, a strain having all the characteristics of 
the rhodesiense type, was isolated from a patient living in a district 
where there is little game and no G. morsitans. It is difficult to believe 
that the characteristics of this strain can be accounted for by its having 
come recently from game. It is easier to surmise that all these strains 
originated from the normal human trypanosome, and that the differ- 
ences in their characteristics were due to idiosyncrasies in the resistance 
of the human host. 

It will readily be admitted that the resistance of the host can 
produce marked changes in the characteristics of a trypanosome. 
There is a good deal of evidence to show that under certain conditions 
the human trypanosome can change into something very like 7. brucez. 
Duke (1912 and 1921), from his studies of the Damba Island strains, 
has produced evidence that 7. gambiense maintained solely in game 
and fly, and so lacking the stimulus of sojourn in the human host, has 
reverted back to 7. brucet. It is well known that, where strains of 
T. gambiense are kept in laboratory animals for some years, they may 
lose their resistance to human serum. Mesnil and Blanchard (1916) 
mention one strain isolated by Mesnil which, after 7 years, had 
acquired a slight degree of sensitiveness to human serum, and after 
11 years had become almost as sensitive as 7°. brucet. Razgha (1929) 
found that, while it was quite easy to culture a freshly isolated strain 
of T. gambiense in a medium containing human serum, it was very 
difficult to cultivate a strain which had been kept 8 years in the 
laboratory. He suggested that failure with the old strains was due to 
a gradual development of a susceptibility to human serum. As has 
already been mentioned, the old laboratory strain of 7. gambiense, 
which had been kept in London in laboratory animals for 10 years, 
was found to be more sensitive to human serum than comparatively 


freshly isolated 7. brucez. 

It seems possible that when the human trypanosome gets into 
man, whose resistance for one cause or another is abnormal, the 
disease may take a virulent form. During the course of the disease 
the trypanosome may acquire an increased virulence, and its other 
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characteristics may be altered in a manner comparable to that which 
is known to occur slowly when strains are kept for prolonged periods 
in small laboratory animals. ‘The writer holds the view that 7. 
rhodesiense is only a virulent type of 7. gambiense, and that this more 
virulent type usually arises from the normal human trypanosome 
through idiosyncrasies in the resistance of the human host. At the 
same time, it is thought that under certain circumstances 7. brucei 
may get a footing into man in accordance with Yorke’s hypothesis, 
but that this occurrence may be comparatively rare. 
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DOMESTICA GROUP 


This group contains the simplest species, and there are three in 
this faunistic area, domestica, vicina and a species which for the present 
I am naming nebulo; these three are closely related to each other. 


1. Musea domestica L. Fauna Suec. Ed. IT, 439, 1761. 


SYNONYMS : *antiquissima Wlk. ; ? aurifacies R-D. ; *australis Macq. ; ? bovina 
R-D.; *calleva Wik. ; ? campestris R-D.; ? campicola R-D. ; 
? corvina F.; ? frontalis Rond.; ? floralis R-D.; ? hottentota 
R-D. ; ? lateralis Macq. ; ludifica F. ; *minor Macq. ; ? riparia 
R-D.; ? rivulans R-D.; *pampasiana Big. ; ? pellucens Meig. ; 
? stomoxidea R-D.; umbraculata F.; ? vagatoria R-D. ; 
? vicina R-D. nec Macq. ; *vicaria Wlk. 

Mate. Heap. Vertex approximately half width of an eye; 
vertical stripe occupying almost whole of vertex ; cheeks and lower 
part of vertex creamy white. MersonotumM. Ground colour dark 
grey with bluish tinge and four black stripes as wide as vertex. 

ABDOMEN. ‘Terga 1 and 2 dark brown to black and about 
posterior half orange on each side of broad black median stripe ; 
tergum 3 orange with broad black median stripe, both ends of which, 
especially the anterior, spread out along the margins, edged on each 
side with indistinct silvery stripes, and lateral margins of tergum 
with silvery dusting ; tergum 4 greyish, or greyish-white, a broad 
median black stripe edged on each side with a distinct wide white 
stripe, the lateral margins with a wide silvery stripe, and between the 
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two a well-marked dark brown stripe ; tergum 5 similar but with 
indistinct median dark stripe, the admedian ones narrower. Sternum 
| dark brown ; sternum 2 also dark brown except sides and posterior 
border ; sterna 3 and 4 yellow ; sternum 5 with sides of distal end 
and posterior processes dark. 

MALE ‘TERMINALIA. P. I, fig. 5, ¢. ANaL Cerci. Free borders 
straight, outer ends rounded and inner not forming nipples. PHALLO- 
SOME. Chitinous part stout and slightly longer than membraneous 
part ; posterior process stout, rather short, not expanded and pointed. 
PARAMERE, Anterior part large and well arched with one long and 
five to six smaller bristles; posterior part small, round and not 
raised. FirrH STERNUM. P. I, fig. 6. Wider than long and 
narrowing posteriorly ; posterior processes fairly long and minutely, 
but well, serrated. 

FEMALE. Heap. Vertex about equal to width of an eye ; vertical 
stripe wide almost filling vertex with bulging sides ; outer vertical 
bristles for the most part in two rows (fig. 2); lower part of vertex 
and cheeks creamy white. MrsoNotuM. As in male. ABDOMEN. 
Terga 1 and 2 dark orange or dark brown, and often as in male, 
normally with a broad dark brown median stripe which expands as 
in male; tergum 3 grey with bluish sheen in fresh specimens, 
narrow to broad median stripe, and narrow to broad dark admedian 
ones as in terga 4 and 5 of male. 

EARLY STAGES. Oviparous, eggs laid in batches in horse and 
human faeces, rarely, if ever, in cow dung ; for list of other materials 
in which eggs may be laid see Part II of my book, ‘ Insects, ‘licks, 
Mites, etc.’ ‘THIRD Larva. Anterior spiracles either with six or 
seven finger-like openings ; in about 78 per cent. there are six and in 
about 28 per cent. seven, and it should be remembered that the 
number may not be the same on the two sides. POSTERIOR SPIRACULAR 
PLaTes. Fig. 9, ¢c. D-shaped, the flat surfaces directed towards each 
other and the plates usually separated by less than half the width of 
one. Peritreme wide ; button large and placed well within it ; the 
three breathing slits wide, sinuous and lying around the inner surface 


of the peritreme. 
Notes. AZ. domestica is the house fly of temperate regions, 


and as already noted (1931) is widely distributed in Europe, North 
and South America, Asiatic Russia, across to North India, China, 
Japan, Korea, and is common in Australia and New Zealand ; it is 
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also widely distributed in South Africa. It is the only species known 
to me from the Nearctic and Neotropical regions. It is regularly 
carried in ships from European to tropical ports, and I have seen it 
carried as far as Colombo and Singapore. In this way it has been, 
and is, regularly introduced into such Indian ports as Bombay, 
Madras and Calcutta, and also into many African ports. I have no 
proof, however, that it has established itself at any of these and 
spread inland. After many years of collecting at Indian ports as well 
as inland, I have not been able to satisfy myself that it is anywhere 
established in India. For a complete modern account of the life 
history, early stages, relation to disease and control of domestica and 
its near allies, which are house- and bazaar-frequenting insects, the 


reader is referred to Part II of my book, ‘ Insects, ‘Vicks, Mites, ete.’ 


2. *Musea vieina Macq., nec Rob-Des. Dipt. Exot. Nov. ou. 
poi. conn. Supp. V, 253, 1851. 

SYNONYMS : analis Macq.; divaricata Awati; *flavifacies Big. ; *flavinervis 
Thom. ; *flavipennis Big. 

MALe. Heap. Vertex approximately one-third width of an eye, 
and about one-third that of the male domestica; vertical stripe 
occupying whole of vertex. MErsONOTUM. Similar to that of male 
domestica but ground colour generally greyish-yellow. ABDOMEN. 
Similar to that of male domestica but more extensively orange ; terga 
1 and 2 about half orange with a broad median black stripe, the 
remainder black ; tergum 3 more orange than in domestica ; sternum 
1 dark brown ; sterna 2, 3, 4 and 5 light orange. 

MALE ‘TERMINALIA. Fig. 7. I have now examined about 5\) 
examples of the terminalia of vicina from different parts of the tropics 
and especially from India, and have compared them with specimens 
of those of domestica. In fig. 7 are illustrated typical examples of 
the phallosome, paramere, anal cerci and fifth sternum of vicina 
from South India. ‘hese illustrations should be compared with 
those in P. I, figs. 5, 6, which depict typical examples of the same 
structures of domestica drawn and reduced to the same scale ; 
the following differences may be noted :—ANAL CeErRCI. Smaller 
outer ends of free margins more rounded and the margins not so 
straight. PHALLOSOME. Chitinous part narrower ; posterior process 
shorter and more broadly expanded. PARAMERE. Identical. FIFTH 
STERNUM. Smaller and narrower, otherwise similar. 
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Fic. 7. a@.—Phallosome and one paramere of WV. vicina, showing the short, stout 
posterior process ; 6.—Front view of posterior process ; c.—Paramere of same from 
side ; d.—Anal cerci of same; e.—Fifth sternum of same and enlarged posterior 
process of same, to show variation in structure. 


FemMaLe. Very similar to that of domestica, so that it is almost 
impossible to distinguish the two. ‘Terga 1, 2 and, especially, 3 are, 
if anything, more orange. 

EARLY STAGES. Oviparous. Eggs laid in much the same 
substances as are those of domestica; they are commonly laid in 
large collections of cow dung. ‘THIRD Larva. Anterior spiracles 
with five to seven finger-like openings. POSTERIOR SPIRACULAR 
PLiates. Fig. 9, a. General structure similar to those of larva of 
domestica but larger and peritreme wider. 
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Notes. Musca vicina is the common house-fly of the tropics 
It comes into the region in the Mediterranean area and is common 
in Egypt, Palestine and Iraq ; also in North China. 


3. Musea nebulo Fabricius. [:nt. Syst. [V. 321, 35, 1794. 
Mate. Heap. Vertex narrow, about one-fifth width of an eve ; 
lower part of vertex and cheeks creamy. MlESONOTUM. Ground 





colour grey with four black stripes about twice as wide as vertex. 
ABDOMEN. Mainly orange ; terga 1 and 2 with broad median black 
stripe, and about half anterior border black ; tergum 3 light orange 
with a broad median black stripe edged with a rather indefinite, and 





sometimes incomplete, white stripe on each side, silvery marginal 
patches ; tergum 4 very similar, but with much more silvery markings 
and with the median black stripe narrower; tergum 5 entirely 











Fic. a.—Phallosome and one paramere of .V/. nebulo (Egypt) ; 6.—Front view 
of anterior part of paramere of same, to show bristles ; c.—Front view of posterior 
process of phallosome of same ; d.—Anal cerci of same ; e.—Fifth sternum of same. 
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silvery, or sometimes with a median black area not forming a very 
definite or complete stripe. 

MALE ‘TERMINALIA. [ig. 8. ANAL CercrI. Free margins with 
shallow emargination, outer ends rounded and inner not forming 
nipples. PHALLOSOME. Chitinous part long and with slight waist ; 
posterior process rather short, stout and not expanded. PARAMERE. 
Anterior part long and deep with four to five, rarely six, bristles, 
one medium sized and the others small; posterior part small and 
not raised. FiIrTH STERNUM. Short, broad and posterior processes 
stout and bent inwards. 

FEMALE. HEAD. Vertex and cheeks creamy white, less than 
width of an eye; vertical stripe wide with slightly bulging sides, 
and about three-quarters width of vertex. MErsoNoTtumM. Similar 
to that of male. ABDOMEN. Light orange; terga 1 and 2 orange 
with a small round or oval median dark brown spot on anterior 
border (the size of the spot varies considerably) ; tergum 3 with 
narrow median dark stripe, which may be almost wanting, bordered 
on each side by a broad silvery or greyish-white stripe, margins 
white or grevish-white ; tergum 4 very similar, but median dark 





Fic. 9. a@.—Posterior spiracles of third larva of W. vicina ; b.—Same of third 
larva of M. ventrosa; c. —Same of third larva of WM. domestica; d.—Same of third larva 
of .M. tempestiva ; e.—Same of third larva of M. sorhbens (all same scale). 
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stripe often very faint, remainder of tergum light orange or greyish- 
white ; tergum 5 mainly orange. 

EARLY STAGES. Unknown. 

Notes. Although this species differs in certain details (external 
characters and terminalia) from the true nebulo from India, I have 
decided not to make it a new species until I have had an opportunity 
of examining a fresh series and of comparing more specimens of the 
terminalia than I have had the opportunity of doing as yet. It 
appears to be widely distributed in Egypt and the Sudan. 


SORBENS GROUP 


This group contains the intermediate species in which the 
posterior part of the paramere exhibits the early phases in its enlarge- 
ment into a long process, and the posterior process of the phallosome 
is expanded hood-like, and in some species shows evidences of 
Y-forking. In a few species the inner end of the free margin of the 
anal cercus projects somewhat, suggesting the commencing formation 
of a nipple-like process. ‘There are seven species of this group in this 
region, viz., sorbens, ventrosa, vitripennis, albina, tempestiva, crassirostrts 
and /ucidula. 


4. *Musea sorbens Wied. Auser. Zwei. Insekt. I], 218, 58, 1830. 
SYNONYMS : *angustifrons Wlk. ; *biseta Hough ; *bivittata Thom. ; conducens 
Patton nec. Walk.; *dichotoma Bezzi; ‘*euteniata Big. ; 
*humilis Wied. ; *latifrons Wied. ; *mediana Wied. ; promusca 
Awati; scapularis Rond.; *sordidisstma Wlik.; *spectanda 

Wied. 

Mae. Heap. Vertex narrow, one-sixth to one-seventh or 
one-eighth width of an eye; vertical stripe almost entirely filling 
vertex with straight edges ; lower vertex and cheeks silvery ;_ well- 
marked large facetted area on each side of inner eye margins. 
Mesonotum. Ground colour light grey with two broad black 
stripes not interrupted at suture. ABDOMEN. Mainly light to dark 
orange ; terga | and 2 either light or dark orange, and may even be 
entirely dark brown, antero-median border dark brown, sometimes 
with a faint indication of a narrow median dark stripe, or even only 
dark on antero-median border; tergum 3 light orange, a broad 
black median stripe spreading out a little T-shaped along anterior 
border, edged on each side with a broad silvery stripe and with 
silvery marginal patches ; tergum 4+ with a narrower dark median 














404 


stripe and silvery patches as in tergum 3; tergum 5 with a median 
dark patch, sometimes forming a narrow dark stripe, and margins of 
tergum silvery. 

MALE ‘TERMINALIA. P. I, figs. 12, 13. ANAL CeErcl. Free 
borders straight, outer ends rounded and inner ones not forming 
nipples. PHALLASOME. Chitinous part narrow and shorter than 
membraneous portion ; posterior process long, rather narrow and 
slightly expanded at end, with a suggestion of commencing forking. 
PARAMERE. Anterior part rather long and not much arched, with 
one long and four to seven smaller bristles ; posterior part raised to 
form a cone-shaped process ; bluntly pointed and of varying length, 
and occasionally flattened at the end. A reference to the legend of 
P. I, fig. 12, will show that I have compared the paramere of specimens 
from Sierra Leone, where the type specimen came from, with that 
of specimens from India and Mesopotamia, and also with that of 
specimens with light and dark terga I and 2, and can find no differences 


inthem. FIFTH STERNUM. I[ong, dark brown at distal end, processes 
long, serrated. 


FEMALE. Heap. Vertex a little less than width of an eve ; 
vertical stripe rather narrow and about half width of vertex ; outer 
vertical bristles in a single row, except at upper end where there is 
usually another irregularly placed row. MESONoTUM. Ground colour 
similar to that of male with two broad dark stripes which, anterior 
to the suture, divide Y-shaped, the outer limb of the Y being shorter 
than the inner, and not extending more than half the length of the 
inner stripe. ABDOMEN. Mainly dark orange, the posterior part 
vellowish ; terga 1 and 2 either entirely dark brown, or anterior and 
posterior borders dark brown and middle portion orange ; tergum 3 
with a broad median dark brown stripe commonly extending along 
both anterior and posterior borders to form narrow dark brown 
stripes of varying width but usually wider posteriorly, and a wide 
marginal yellowish-white stripe on each side ; tergum 4 very similar, 
the median dark stripe narrower, the admedian spots and stripes 
varying in width according to the angle at which the specimen is 
held ; tergum 5 with a narrow dark median stripe and dark admedian 
spots. 

EARLY STAGES. Oviparous, eggs laid in batches in either horse, 
human or cow faeces, and commonly in isolated patches of these 


in the field. It is not uncommon to find many thousands of larvae 
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in small deposits of human faeces. ‘THIRD LARVA. Anterior spiracles 
with seven to eight finger-like openings. POSTERIOR SPIRACULAR 
PLaTEs. Fig. 9, e. Relatively large, separated by about one-quarter 
width of a plate, peritreme wide and with irregular outline ; breathing 
slits wide. 

Notes. Musca sorbens is widely distributed along the North 
African coast, in Egypt, Palestine, Syria, Iraq, Arabia, Persia, across 
Asiatic Russia to North China. Owing to its extensive breeding 
habits, it is a very common domestic species and readily enters 
houses. It is, however, most commonly seen on foodstuffs in bazaars, 
and sitting on sores, cuts, wounds, etc., of man and animals. In 
Iraq it undoubtedly plays an important part as a mechanical trans- 
mitter of the causal organisms of eye diseases. It is quite common 
to see a dozen or more sitting around the eyes of a child, feeding on 
the discharges. It can become a most annoying pest about bungalows 
if cattle are allowed to graze in the neighbourhood, for it has the 
objectionable habit of alighting on the human skin in search of 
moisture. Dwarfed specimens are very common, owing to the fact 
that large numbers of eggs are commonly deposited in isolated 
patches of human faeces, and, as the large number of larvae are 
unable to obtain sufficient food to reach full growth, they are forced 
to pupate prematurely, and then give rise to small adults ; these are 
most annoying, as they persist in searching for moisture on the 
human skin. Adults may be seen far from human dwellings. 

The general greyish colour, the two broad, complete mesonotal 
stripes in the male, and the Y-forked presutural stripe in the female 
render identification easy. ‘Che width of the male vertex varies 
considerably (fig. 1, a, 6), as does also the colour of terga | and 2. 


5. *Musea ventrosa Wied. Ausser. Zwei. Insekt. II, 656, 17, 
1830. 

SYNONYMS:  kasauliensis Awati; *nigrithorax Stein; pungoana Karsch ; 
*xathomela Walk. 

Mace. Heap. Vertex linear (fig. 1, c) ; lower vertex and cheeks 
silvery ; large facetted area. MkEsoNoTUM. Ground colour dark 
slate blue, with four broad black stripes commonly appearing to be 
fused. ABDOMEN. Orange, and without any stripes or bands, 
sometimes with a faint indication of a median stripe on terga 3 and 
4 (dark intestinal contents must not be mistaken for markings). 
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Fic. 10. a@.—Phallosome and one paramere of .W. ventrosa ; 6.—Front view of 
posterior process of phallosome ; note expansion and slight forking ; c.—Side view 
of paramere of same (Africa) ; d.—Same of specimen from China; e.—Same of specimen 
from India; f.—Same of specimen from Iraq; g.—Fifth sternum of same with 
processes shown enlarged ; /4.—Anal cerci of same. 


MALE 'TERMINALIA. Fig. 10. ANaL CercrI. Similar to the 
other species of the group, the outer ends rounded and the inner not 
forming nipples. PHALLASOME. Chitinous part narrow and with 
distinct waist, and about as long as, or if anything a little shorter 
than, the membraneous part; posterior process rather short, well 
expanded at end and with suggestion of forking. PARAMERE. Anterior 
part of the usual shape with one long and three to four shorter bristles ; 
posterior portion raised into a conical process of varying height, the 
apical part often clear. FirrH STERNUM. Slightly longer than 
broad, the posterior processes rather short, but broad and serrated 
at ends. 

FEMALE. HEAD. Vertex wide, a little more than half the width 
of an eye; vertical stripe reddish, wide and about three-quarters 
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width of vertex, sides slightly bulging ; outer vertical bristles mainly 
in a single row. MEsoNoTUM. Similar to that of male. ABDOMEN. 
Also similar to that of male. 

FARLY StTaGes. Oviparous. Eggs laid for the most part in 
patches of cow dung in the fields. HIRD Larva. Anterior spiracles 
with five to seven finger-like processes. POSTERIOR SPIRACULAR 
Pirates. Fig. 9, 6. Smaller than those of sorbens, and separated by 
a little less than one-third width of a plate, peritreme wide. 

Notes. Musca ventrosa comes into the Palaearctic region in 
North China. It is haematophagous in habit and is only seen on 
and about animals in the field feeding on wounds, cuts, sores and on 
the blood exuding from the bites of true blood-sucking flies. It is 
one of the easiest species to recognise by its orange-coloured unmarked 


abdomen. 


6. Musea vitripennis Meig. Syst. Besch. Europ. Zweitlug. 
Insekt. V. 73, 48, 1826. 
SYNONYMS : *osiris Wied. ; phasiaeformis Macq., nec. Meig. ; sugalatrix R-D 


Mave. HEAD. Vertex narrow, about one-eighth, or even less, 
width of an eye; eyes with numerous long hairs ;_ vertical stripe 
narrow, light grey. Mrsonotum. Dark metallic green without any 
markings ; two presutural dorsocentrals, usually long, and two 
postsuturals, and only one acrostichal. ABDOMEN. Mainly light 
orange or yellow ; terga 1 and 2 orange with a broad dark metallic 
green area occupying the middle and part of the anterior border ; 
tergum 3 with a broad dark green median stripe expanding anteriorly 
T-shaped along anterior border ; tergum 4 with a large silvery patch 
occupying almost whole of tergum except margins which are orange, 
a small dark green spot at middle of posterior border, and another 
at middle of anterior, sometimes the two are fused to form a narrow 
dark median stripe ; tergum 5 almost entirely silvery with metallic 
sheen, and sometimes with dark spots at posterior margin. 

MALE 'TERMINALIA. P. I, fig. 23. Anat Cercr. ‘The free 
margins almost straight, outer ends not markedly rounded ; inner 
ends not forming nipples. PHALLOSOME. Chitinous part long and 
narrow with slight waist ; posterior process stout, and well expanded 
hood-like without suggestion of forking. PARAMERE. Anterior 
portion long, with one long and two to four shorter bristles ; posterior 
part raised and forming a long bluntly-pointed process often lightly 
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chitinised. FirTH STERNUM. Small and short, the posterior processes 
rather long and well serrated. 

FEMALE. HEAD. Vertex grey, and about, or a little more than, 
width of an eye; vertical stripe a littke more than half width of 
vertex with bulging sides ; outer vertical hairs small and arranged 
in three and often four rows; eyes bare. MESONOTUM. Greyish- 
blue with some metallic sheen and four distinct dark stripes ; 
dorsocentrals and acrostichals as in male. ABDOMEN. Light greyish- 
vellow or grey; terga 1 and 2 grey with broad dark median patch 
or stripe, and with silvery sheen on each side, anterior border also 
dark ; tergum 3 grey with a narrow dark median stripe and some 
silvery sheen on each side ; tergum 4 grey and in some lights silvery, 
with a very narrow dark median stripe ; tergum 5 silvery and without 
any markings. 

KARLY STAGES. Unknown. 

Notes. Musca witripennis is widely distributed in [urope, 
especially in the south, in the whole of the Mediterranean littoral, 
Svria, Palestine, Irag, Arabia, Persia and along the Indian frontier, 
Kashmir (Baniar, Kukarnag), Egypt and the Sudan. It is mainly 
found on and about animals in the field and about their excreta. 
It will readily enter trains. It is an annoying fly, as it settles on the 
human skin in search of moisture. 

‘The male can easily be recognised by its hairy eyes, dark metallic 
thorax and yellowish abdomen with the characteristic silvery patches; 
the only other species like it is the male of albina, which, however, 
has greatly reduced mesonotal bristles, and the sternopleurals are 
wanting. ‘lhe female may be mistaken for a large specimen of 
tempestiva which it resembles superficially. ‘Che wide vertex, rather 
narrow vertical stripe and the four rows of small outer vertical hairs 
will help to distinguish it from tempestiva, in which the vertex 1s 
narrower, the vertical stripe wider and the outer vertical bristles in 
a single row. 


7. *Musea albina Wied. <Auser. Zwei. Insekt. IT, 415, 53, 1830. 
SyNoNyYMs : beckeri Schnabl ; polita Mall. ; *sepculifera Bezzi. 


Mace. Heap. Vertex narrow, about one-seventh or less 
width of an eye ; eyes with long hairs, not so numerous as in vitri- 
pennis; cheeks silvery. MersonotumM. Dark bluish-black, with 


metallic sheen and no markings ; a characteristic light grey patch 
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under each posterior pronotum (humeral callus) ; mesonotal bristles 
much reduced, only one postsutural dorsocentral, and acrostichals 
wanting ; sternopleurals wanting. ABDOMEN. Orange; terga | 
and 2 either entirely orange or with a dark median spot at middle 
of posterior border spreading slightly on to tergum 3; tergum 3 
orange with a small round dark spot at middle of posterior border ; 
tergum 4 orange with a large silvery median patch and a dark 
metallic spot at middle of posterior border ; tergum 5 with a large 
silvery patch and two dark metallic admedian spots. 

MALE ‘TERMINALIA. P. I, fig. 16. ANAL Cercr. Outer margins 
of free borders rounded and inner not particularly prominent. 
PHALLOSOME.  Chitinous part relatively long and about equal in 
length to the membraneous part; posterior process stout and 
somewhat broadly expanded hood-like with suggestion of forking. 
PARAMERE. Anterior part rather short, with one stout (and usually 
long) and four to five smaller bristles arranged usually in a line or 
nearly so ; posterior portion raised to form a broad bluntly-rounded 
sugar-loaf process. FIFTH STERNUM. Rather small and short, the 


posterior processes long and slightly curved, and not markedly 
serrated. 


FEMALE. Heap. Vertex silvery, very wide, equal to width of 
an eye; vertical stripe strikingly narrow, a little more than one- 
quarter width of vertex ; outer vertical hairs small and arranged in 
four or five rows ; eyes bare. MESONOTUM. Greyish-white (silvery) 
with four broad dark shining stripes ; mesonotal and sternopleural 
bristles as in male. ABDOMEN. Greyish- or yellowish-white with 
black markings ; terga 1 and 2 black, commonly with a small anterior 
stripe of orange ; tergum 3 greyish-white with a broad median dark 
stripe, a wide posterior black band, and a narrower anterior one ; 
tergum 4 yellowish-white, either with a very narrow, complete, 
median dark stripe, or with a dark spot on postero-median border, 
and dark spot on each side of posterior border ; tergum 5 yellowish- 
white with two small dark admedian spots. 

EaRLY StTaGes. Unknown. 

Notes. Musca albina is very widely distributed in the Palaearctic, 
Ethiopian and Oriental regions. It is a semi-desert species. I have 
records of it from Colomon and Agouagon, Dahomey, where it is 
relatively common, from many localities in South and South-West 


Africa ; from Mahagany and Trincomali, Ceylon ; from Baluchistan. 
E 
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It is common in Syria, Palestine, all along the North African coast, 
and in Egypt at such places as El Mallah and Kerdasa (Effletoun). 

It is one of the most strikingly coloured species, the male rather 
dumpy, with dark metallic thorax and yellow abdomen, and the 
female silvery—characters which render their recognition easy. The 
male was not known to Wiedemann, and as far as I know the first 
description of it was by Patton and Senior- White (1924) ; the hairy 
eves of the male were not noted in the description. 


S. Musea tempestiva Fallen. Musc. 53, 56, 1823. 

SYNONYMS: carnifex R-D.; cuprea Macq.; minima Rond.; nana Meig. ; 
stimulans R-D. 

Mace. Heap. Vertex linear; lower part and cheeks silvery. 
MersonotuM. Dark grey to black, with some metallic sheen ; a light 
grey patch on posterior pronotum ; vein M,., with rather a rounded 
bend. ABDOMEN. Mainly olive grey ; terga 1 and 2 black; tergum 
3 with a broad median black stripe, usually spreading out at both 
ends to form short dark bands ; tergum 4 grey, usually with narrow 
to very narrow black median stripe, often incomplete at posterior 
end; tergum 5 grey, often with a dark patch about middle. 

MALE ‘TERMINALIA. Fig. 11. ANat Cerci. General shape 
similar to those of other species of group ; outer ends more or less 








Fic. 11. a@.—Fifth sternum of M. tempestiva ; 6.—Anal cerci of same ; note 
asymmetrical left cercus ; c.—Front view of posterior process of phallosome of same ; 
d.—Phallosome and one paramere of same (Europe) ; note long sugar-loaf posterior 
part of paramere. 
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rounded, left cercus often with a suggestion of nipple formation, 
and not uncommonly asymmetrical, as illustrated ; inner ends not 
forming nipples. PHALLOsOME. Chitinous portion long and narrow, 
slightly longer than membraneous part ; posterior process short and 
wide, gradually expanding to end, without suggestion of forking. 
PARAMERE. Anterior part long with two, sometimes three, bristles, 
usually of same length and not very long; posterior portion forming 
along stout sugar-loaf process, the distal end clear. FIFTH STERNUM. 
Short and wide, posterior processes rather long and serrated at ends. 

FEMALE. Heap. Vertex wide, a little less than width of an eye ; 
vertical stripe broad, black, more than half, and sometimes nearly 
three-quarters, width of vertex with bulging sides ; outer vertical 
bristles in a single row. MESONOTUM. Yellowish-grey with four 
rather narrow stripes, the inner pair well marked in front of suture, 
but tending to join outer pair behind suture to form a single stripe. 
ABDOMEN. Very similar to that of male, except that black bands on 
tergum 3 are wider; tergum 5 occasionally has a narrow median 
black stripe. 

EarRLY STAGES. Oviparous, eggs laid in batches in cow dung, 
especially in patches in the field; also in horse and human faeces. 
THIRD Larva. Anterior spiracles five to seven finger-like openings. 
POSTERIOR SPIRACULAR PLaTEs. Fig. 9, d. Small and rather long, 
and separated by about one-third width of a plate. 

Notes. Musca tempestiva is very widely distributed in Europe, 
extending down through Syria to Palestine, into Egypt, into Iraq, 
Arabia, Persia and all along the North-West Frontier of India into 
Kashmir, then on into China, where it is very common all over North 
and Central China. It is found on and about animals in the field, 
and on their excreta; it is essentially a haematophagous species, 
and is a very annoying fly to human beings, settling on the skin in 
search of moisture. ‘The characters by which the female may be 
distinguished from the female vwitripennis have been noted above. 
There should be no difficulty in recognising the male, for it is not 
likely to be confused with the male of any other species in this region. 
The male terminalia are also very characteristic. 
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9. *Musea erassirostris Stein. Mitt. Zool. Mus. Ber. II, 99 
139, 1903. 


SYNONYMS : *insignis (Philaematomyia) Aust. ; modesta de Meij.; *inconstans 
g 3 
Wied. (nomen nudum). 


MALE. Heap. Vertex very narrow, about one-eighth or less 
width of an eye ; lower part of vertex creamy white ; cheeks greyish- 
white ; palps orange ; mentum bulbous, labella commonly drawn 
back and prestomal teeth everted (see fig. 5, this paper, and figs. 
3, a; 4, a, b, e; 5b, 1933). Mesonorum. Ground colour light 
grey (sometimes with a bluish tinge), and with four rather narrow 
black stripes; outer pair interrupted at suture, presutural part 
short and directed outwards, inner pair rather narrow and _ hardly 
interrupted at suture, and commonly incomplete behind, just in 
front of scutellum. ABDOMEN. Olive or greyish-green ; terga | and 
2 black except for a narrow greyish-green band along posterior 
border which may be interrupted in the middle line; tergum 3 
greyish-green, with a narrow median black stripe incomplete at 
posterior end ; tergum 5 greyish-green, often with either an antero- 
median dark spot or an incomplete, very narrow, dark stripe. 

MALE ‘TERMINALIA. P. IJ, figs. 18, 19. ANAL Cercr. Small, 
free borders rounded, especially outer. PHALLOSOME. Chitinous 
part long and narrow ; posterior process long, stout, expanded hood- 
like, rounded and no suggestion of forking. PARAMERE. Anterior 
part long and usually well arched, with one long and four to six 
shorter bristles, the variation in number and arrangement well 
illustrated in figs. noted ; posterior portion with a rather long finger- 
like extension which is very characteristic of this species and that of 
lucidula (see P. I, fig. 20) ; apodeme rather short and narrow. FIFTH 
STERNUM. Small, rather heart-shaped, the processes rather long and 
serrated. | | 

FemaLe. Heap. Vertex grey, about ‘equal to width of an eye ; 
vertical stripe a little more than one-third width of vertex’ with 
straight sides ; outer vertical bristles in two rows ; antennae, palps 
and proboscis as in male. MersonotuM. Ground colour ‘olive grey 
to greyish-blue ; stripes much as in male, except that the inner pair 
are narrow in front of suture and are not as a rule interrupted behind 
suture as in male. ABDOMEN. Olive grey to greyish-blue with 
markings much as in male; terga | and 2 with about anterior half 


black ; the remainder olive grev to grevish-blue ; terga 3, + and 5 
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as in male, except that there is rarely any median stripe or spot on 
tergum 9. 

EARLY STAGES. Oviparous, egg usually large and_ hatches 
rapidly ; laid in masses, many females ovipositing together, in patches 





_ Fic. 12. a.—Posterior spiracles of third larva of .W. crasstrostris (India) ; 6.— 
Same of third larva from Rhodesia ; note in both the absence of distinct peritreme. 


of cow dung in the field. ‘lHiRD Larva. When mature is of a. 
characteristic lemon-yellow colour. Anterior spiracles seven to eight 
finger-like openings. PosTERIOR SpIRACULAR PLATES. Fig 12. 
Rather long and densely chitinised without definite peritreme, 
separated by about half width of a plate. ‘The plates vary in size in 
larvae from different localities, those from Salisbury, Rhodesia (fig. 
12, b), being as a rule very much larger than those from larvae from 
India (fig. 12, a). 

Notes. Musca crassirostris is widely distributed in Egypt, 
Palestine, Iraq, Persia and Arabia; I collected it around Tsinan, 
Shantung, North China. Its tearing and blood-drawing apparatus 
has been recently described (1933). It is very closely related to 
lucidula. It is one of the commonest blood-sucking flies in the 
Ethiopian and Oriental regions and may be seen in large numbers 
sucking blood from the legs and abdomen of cattle, horses and 
donkeys. There should never be any difficulty in identifying it, for, 
apart from its characteristic colouration, the bulbous mentum is a 
striking character, even when the proboscis is completely retracted ; 


the usual appearance is depicted in fig. 5. 
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10. Musea lueidula Loew. Neu. Beit, IV, 48, 42, 1856. 


Mate. Heap. Vertex silvery white, narrow, about one-eighth 
or less width of an eye; vertical stripe a dark line ; well-marked 
large facetted area. MEsSONOTUM. Bright metallic green and 
unmarked ; bristles much reduced in size; vein M,,, joining vein 
R,,5 and cell R, closed. ABDOMEN. Orange with metallic and silvery 
markings. ‘Terga 1 and 2 light orange with or without a small 
triangular-shaped dark median patch; tergum 3 light orange with 
or without a narrow dark median stripe widening slightly anteriorly ; 
tergum 4 orange with a green metallic patch at posterior border and 
silvery sheen at sides ; when viewed with head directed away from 
observer, the patch then appears to be a median dark stripe edged 
with silvery sheen ; tergum 5 green with a large light patch. 

MALE ‘TERMINALIA. P. I, fig. 20. ANAL CERCI. Small, outer 
ends of free margins rounded and inner ones not forming nipples. 
PHALLOSOME. Chitinous part narrow with waist, and as long as 
membraneous part ; posterior process, stout, well-expanded, hood- 
like and with no suggestion of forking. PARAMERE. Anterior part 
long and well arched, with one long and usually four to five shorter 
bristles ; posterior part with a long finger-like extension very similar 
to that of crassirostris. FIFTH STERNUM. Small and heart-shaped, 
posterior processes rather long and serrated. 

FEMALE. HEAD. Vertex silvery, about as wide as, or a little less 
than, width of an eye ; vertical stripe rather narrow and about one- 
third width of vertex, straight edges; outer vertical bristles in a 
single row. Mersonotum. Light metallic green with four rather 
indistinct narrow dark stripes. ABDOMEN. Bright metallic green ; 
tergum 5 with a large silvery patch. 

EarRLY STaGes. Unknown. 

Notes. Musca lucidula is widely distributed in Europe, Syria, 
Palestine and Egypt. It is common on and about animals and is 
haematophagous in habit. 


LUSORIA GROUP 


This group contains the most advanced species of the genus in 
which the posterior part of the paramere is developed into a long, 


commonly bent, process, and the posterior process of the phallosome 
is widely expanded and, commonly, deeply Y-forked. ‘The free end 
of the cercus is usually emarginated so that the inner end is produced 
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into a nipple-shaped process, and the outer end may also be similarly 
shaped. There are six species in this region as follows :—larvipara, 
convexifrons, mesopotamiensis, xanthomelas, hervei and autumnalis. 


11. Musea larvipara Portschinsky. Bur. Ent. Comm. Sec. 
Minist. Agr. St. Petersb., 8, No. 8, 13, footnote, 1910. 


SYNONYM : corvinoides in litt., Schnabl and Dziedzicki (3). 


Mae. Heap. Vertex silvery, linear, slightly wider than that 
of autumnalis but in all other respects very similar (see autumnalis) ; 
cheeks silvery. MeEsonotum. Ground colour bluish-grey with four 
broad black stripes. ABDOMEN. Orange (lighter than that of 
autumnalis) with white or creamy white markings; terga 1 and 2 
entirely black, or black except for a small dark orange area on postero- 
external border ; in some specimens this area is well marked, and in 
others it is so dark that it is difficult to make out its exact extent ; 
tergum 3 orange with a broad median dark stripe spreading out 
anteriorly to form a dark band, a silvery patch or stripe of varying 
extent on each side of median dark stripe, margins with silvery 
patches ; tergum 4 orange with a broad median dark stripe edged 
on each side with a wide silvery or creamy stripe, and silvery patches 
at margins ; tergum 5 with a dark patch in middle, lateral whitish or 
yellowish stripes and marginal white patches. Sterna 1 and 2 and 
distal end of fifth sternum dark brown. 

MALE TERMINALIA. Fig. 13. ANAL CERCI. Large, free margins 
slightly emarginated towards inner ends, outer ends broadly rounded, 
inner ends forming short nipples. PHALLASOME. Chitinous part long 
and broad, and a little shorter than membraneous part ; posterior 
process long, broadly expanded, and well Y-forked. PARAMERE. 
Anterior part deep, well arched, projecting well backwards, most 
commonly with three long bristles (one longer than others), rarely 
four ; posterior portion long, bent, wide at base and narrowing towards 
apex, with four to six rather prominent sensory spines near base. 
lIrFTH STERNUM. Relatively small, the processes very short, broad 
and bent inwards, as shown in illustration (cf. with those of autumnalis, 
fig. 22, a). 

FEMALE. HEAD. Vertex creamy, about width of an eye ; vertical 
stripe about half width of vertex, and with slightly bulging sides ; 
outer vertical bristles in two rows. MESONOTUM. Greyish with four 
black stripes. ABDOMEN. Black with grevish-white markings ; 




















Fic. 13. a.—Phallosome and one paramere of M. larvipara ; note the long, rather 
narrow posterior part of paramere ; 6.—Part of one paramere, to show spines at base 
of posterior part ; c.—Posterior view of posterior process of phallosome, to show 
expansion and Y-forking ; d.—Front view of same; e.—Anal cerci of same and outline 
of free margins of another of same ; f.—Fifth sternum of same; note short bent 
processes. 
terga | and 2 black with a white or bluish-white patch on posterior 
border on each side of middle line and of varying size, sometimes 
quite long ; tergum 3 with a broad median black stripe edged with 
broad grey or white stripes, broad triangular-shaped admedian dark 
stripes and wide marginal white patches; tergum 4 very similar, 
but median black stripe much narrower; tergum 5 with a very 
broad median black stripe, and lateral silvery or grey patches ; all 
sterna black. 


EARLY STAGES. In his studies of the species of Musca in the 
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Crimea, Portschinsky noted that autumnalis (his corvina ovtpara) 
laid eggs in the usual way in the early spring and occasionally in the 
summer, but that towards the end of spring and throughout the 
summer larvae were almost exclusively deposited, and that these 
were in the third stage. In 1913 the late Professor Bezzi pointed 
out to me that it was most probable that Portschinsky was dealing 
with two distinct species, and this suggestion has been proved to be 
correct by Schnabl and Dziedzicki (1911). ‘The puparium of larvipara 
is dark brown, whereas that of autumnalis is white. 

Notes. As noted above, it is extremely difficult to distinguish 
the male Jarvipara from the male autumnalis on external characters. 
The abdomen of larvipara is not of such a bright reddish colour as 
that of autumnalis ; the structure of the anal cerci and fifth sternum, 
however, afford easy characters for separating them, even in fresh 
specimens. ‘The female is exactly like that of Jarvipara, being if 
anything larger. 


12. *Musea convexifrons ‘Thomson. Eugenies Resa. Dipt. 
547, 176, 1868 (3). 


SYNONYM : fergusoni Patton nec. Johnston and Bancroft. 


Mate. Heap. Vertex linear, silvery; cheeks silvery; large 
facetted area present. MeEsoONoTUM. Ground colour grey with four 
broad black stripes ; wing with a row of bristles on under surface of 
of vein R,,;. ABDOMEN. Dark orange or brown with silvery markings; 
terga 1 and 2 dark orange with a black median stripe expanding a 
little posteriorly to form a short band, anterior half of tergum dark 
brown ; tergum 3 with a broad black median stripe edged with silvery 
stripes, wide, admedian, broad brown areas, margins silvery ; tergum 
4 very similar but silvery markings more extensive, and posterior 
border edged with a narrow black band ; tergum 5 also similar but 
median stripe slightly narrower. 

MALE 'TERMINALIA. Figs. 14, 15. ANAL CercI. Very large, 
free margins also emarginated close to inner ends as in Jarvipara, 
outer ends similarly broadly rounded, inner ends forming prominent 
broad nipples. PHALLOsSOME. Chitinous part long and broad, and 
shorter than membraneous portion ; posterior process broad, markedly 
bent forwards, expanded, and deeply Y-forked. PARAMERE. Anterior 
part long, deep, with three, rarely four, bristles, one much longer 


than others ; posterior portion not markedly elongated, wide and 
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Fic. 14. a.—Fifth sternum of M. convexifrons ; compare with that of larvipara 
; b.—Anal cerci of same ; com- 


(same scale), and*note large size and similar structure ; 
pare with those of /arvipara (same scale). 


well bent, with one, sometimes two, humps, and four to six sensory 
spines. FIFTH STERNUM. Large, long distal half dark brown as in 
larvipara, and posterior processes short, broad and bent inwards as 


in those of /arvipara. 
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Fic. 15. a.—Phallosome and one paramere of M."convexifrons ; compare with 
those of larvipara ; b.—Front view of end of posterior process of phallosome of same ; 
c.—Side view of paramere of same ; d.—Posterior view of end of posterior process of 


phallosome of same. 

FEMALE. Heap. Vertex silvery, a little less than width of an 
eye; vertical stripe rather narrow, about half width of vertex ; 
outer vertical bristles in two rows, and most long. MESONOTUM. 
Coloured and marked as in male. ABDOMEN. Black with grey 
markings ; terga 1 and 2 black with a large bluish-grey round spot 
or patch at posterior border on each side of middle line ; tergum 3 
with a broad black median stripe, edged with wide silvery stripes, 
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admedian dark stripes expanding posteriorly and margins silvery ; 
tergum 4 very similar ; tergum 5 also similar, but all stripes much 
narrower. 

FaRLY StTaGeEs. Larviparous, larva deposited at commencement 
of second stage. ‘Third stage larva and puparium not known. 

Notes. ‘This large haematophagous species is very common 
in Shantung, North China. It may be seen in large numbers on 
cattle and other animals in the field, and on and about cow dung. In 
1922, I examined 'Thomson’s type and came to the conclusion that 
it was identical with the large haematophagous Australian species 
ferguson’; but, on examining the male terminalia of the two, I now 
see that they are distinct. ‘There is no note with the type as to what 
part of China it came from. The female is very like the female of 
larvipara., 


13. *Musca mesopotamiensis Patton. Ind. Jl. Med. Res., VII, 
4,751, 1920. 


Mae. Heap. Vertex grey, about one-eighth width of an eye ; 
cheeks grey. MeEsonotuM. Ground colour bluish-grey with four 
black stripes. ABDOMEN. Light orange with extensive silvery 
markings ; terga 1 and 2 light orange with a rather narrow median 
black stripe and anterior dark band; tergum 3 light orange with a 
broad median black stripe, spreading out along anterior border on 
each side of middle line T-like, edged with a broad white stripe and 
silvery patch at each margin; tergum 4 similar, but median dark 
stripe very narrow, posterior border of tergum with a narrow dark 
band, silvery markings extensive ; tergum 5 similar, with an indistinct 
dark median stripe and silvery sides. Sterna 1 and 2 and distal end 
of 5 dark brown. 

MALE TERMINALIA. Figs. 16, 17. ANAL CERCI. Outer ends of 
free borders broadly rounded, and inner ends with short nipples. 
PHALLOSOME. Chitinous part rather long and broad, but shorter than 
membraneous part ; posterior process long, broadly expanded and 
deeply Y-forked ; apodeme short. PARAMERE. Anterior part long 
and not very deep, with three bristles, one usually very long ;_ posterior 


portion broad, almost same width throughout, and markedly bent. 
FIFTH STERNUM. About as wide as long, a little less than distal half 
dark, posterior processes short, broad and bent inwards. 

















Fic. 16. a.—Fifth sternum of VM. mesopotamiensis ; b.—Anal cerci of same. 


FEMALE HEAD. Vertex grey, less than width of an eye ; vertical 
stripe black, rather narrow, about one-third width of vertex with 
straight edges ; outer vertical bristles in a single row. MMESONOTUM. 
As in male. ABDOMEN. Black with grey markings; terga 1 and 2 
black with a large bluish-grey spot on each side of middle line, some- 
times extending along posterior border; tergum 3 with a narrow 
median black stripe edged with a broad bluish-grey stripe on each 
side, a dark admedian stripe, and bluish-white marginal patches ; 
tergum 4 very similar, but median black stripe much narrower . 








_ Fic. 17. a.—Phallosome and one paramere of M. mesopotamiensis ; 6.—Front 
view of parameres of same; c.—Front view of posterior process of phallosome of 
same from low angle (forking not well seen). 


tergum 5 mainly bluish-grey with a distinct dark grey median area. 
Sterna dark brown to black. 

EARLY STAGES. Oviparous, egg without stalk, laid in patches of 
cow dung in the field. THIRD Larva. Anterior spiracles with eight to 
nine finger-like openings. POSTERIOR SPIRACULAR Piates. Fig. 18, d. 
Very large and densely chitinised, spiracular slits, especially the 
upper and lower, long, plates separated by about one-third width 
of plate. 

Notes. ‘This species is very abundant in Middle Iraq, especially 
along the banks of the Euphrates and Tigris. It may be seen in large 
numbers on cattle, horses, donkeys and dromedaries, following the 
biting flies, especially gad-flies (Tabanidae), Stomoxys and M. crasst- 
rostris, and feeding on any blood and serum which exudes from 
their bites ; it swarms about the eyes and nostrils of animals, and 
causes much worry. It disappears in November to re-appear in 
March; the winter is passed in the puparium, numbers of which 
may be found buried in the earth around old patches of cow dung. 
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‘This species is of peculiar interest, for, although it is not a blood- 
sucker, the prestomal teeth are sufficiently well developed to scratch 
off a scab or enlarge a small wound ; it is the only species in this 
group with this type of prestomal teeth known to me at present. Its 
proboscis has been described recently (1933). 





Fic. 18. a.—-Posterior spiracles of third larva of .W. autumnalis ; note absence 
of distinct peritreme and dense nature of chitin of plates ; b.—Same of third larva of 
VM. mesopotamiensis (same scale). 


14. *Musea xantholemas Wied. Auser. Zwei. Insekt. IT, 54, 
416, 1&30. 


SYNONYMS: alba Mall.; albomaculata auct. nec. Macq. ; convexifrons auct. 
nec. Thomson. 


Mar. Heap. Vertex linear, lower part and cheeks silvery ; 
large facetted area. MrEsSONOoTUM. Ground colour steel blue with 
four broad black stripes, which may appear in some dark specimens 
to fuse to form a single strip on each side. ABDOMEN. Orange 
with silvery spots and narrow dark bands ; terga 1 and 2 dark brown 
to black, or only anterior half or so brown, remainder dark orange 
with some silvery sheen; tergum 3 orange, with a broad median 
black stripe spreading out T-shape along anterior border, and some- 
times along posterior border, some silvery spots, or even stripes, 
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bordering the median stripe, margins silvery ; tergum 4 very similar’ 
but with a much narrower median dark stripe, which extends along 
posterior border forming a narrow dark band; tergum 5 mainly 
dark with some silvery sheen. 











Fic. 19. a.—Phallosome and one paramere of M. xanthomelas ; note the long 
bent posterior part of paramere and hood-like posterior process ; b.—Side view of 
paramere of same ; c.—Front view of posterior process of phallosome of same ; d.— 
More enlarged view of same from behind ; e.—Another view of same from front ; 
f.—Anal cerci of same ; g.—Fifth sternum of same. 





Mace ‘TERMINALIA. Fig. 19. ANAL CercI. Free borders 
emarginated near inner ends which are produced to form prominent 
nipples, outer ends broadly rounded. PHALLOSOME. Chitinous 
part short, about half length of membraneous portion ; posterior 
process broadly expanded hood-like, and forking rather shallow. 
PARAMERE. Anterior part characteristically short, with two to three 
rather long bristles ; posterior portion broad and bent, with one 
hump about the middle and with the usual sensory spines near the 
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distal end. KirrH STERNUM. Long, dark brown at distal end, 
posterior processes stout, projecting well, and serrated. 

FEMALE. HEAD. Vertex and cheeks silvery, almost (more than 
three-quarters) width of an eye; vertical stripe about half width of 
vertex ; outer vertical bristles in two rows. MIESONOTUM. As in 
male, but if anything ground colour lighter. ABDOMEN. Orange 
with silvery spots and patches and dark posterior bands; terga 
| and 2 light orange to dark brown ; if light orange, often without 
a median dark stripe, but only a small dark posterior band on each 
side of middle line ; if darker, commonly with a black median stripe 
and short posterior dark band ; tergum 3 either light or dark orange 
with a narrow median dark stripe, and nearly always with a well- 
marked narrow dark posterior band, admedian and marginal silvery 
patches or stripes ; tergum 4 similar, but dark posterior band usually 
more marked ; tergum 5 orange with some dark markings. 





Fic. 20. a.—Posterior spiracles of third larva of .W. xanthomelas ; b.—Same of 
third larva of MW. hervei (same scale). 


EARLY STAGES. Oviparous, egg with a rather delicate long 
stalk, deposited singly, as are those of all species with this type 
of egg, in patches of cow dung in the field, the stalk being uppermost. 
‘THIRD Larva. When mature, greyish-white with a reddish-yellow 
dorsum. Anterior spiracles with seven to eight finger-like openings. 
POSTERIOR SPIRACULAR PLATES. Fig. 20, a. Large, densely chitinised, 


iE 
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plates separated by about one-fourth width of a plate. PUPARIUM. 
White. 

Notes. Musca xanthomelas is common in many parts of Egypt 
and the Sudan, especially in Khartoum and neighbourhood (Cottam). 
It is a haematophagous species, and is seen only on animals and on 
and about cow dung. It is widely distributed in Africa and all over 
India, where I have bred it in large numbers. It is not a very easy 
species to identify. ‘lhe linear vertex of the male, together with the 
strikingly silvery vertex and cheeks of both sexes, especially well 
seen in fresh specimens, the bluish-white thorax, the orange abdomen, 
silvery spots and the dark posterior bands, especially on terga 3 and 
4, are the important characters to note. 


15. *Musea hervei Villeneuve. Ann. Sci. Nat. (Zool.). 10, 5, 
335, 1922. 


MALE. HeaAbD. Vertex linear, silvery; cheeks silvery; eyes 
minutely and scantily haired. MegsonotumM. Bluish-grey, posterior 
part and scutellum greyish-yellow with four broad black stripes. 
ABDOMEN. Mainly orange with silvery and yellowish-white markings ; 
terga 1 and 2 black with a small round silvery spot near middle of 
posterior edge of terga at middle of posterior border, posterior edge 
of terga often brown; the light spots are occasionally wanting ; 
tergum 3 orange with a broad black median stripe bordered on each 
side by a silvery, or yellowish, patch which varies in size, remainder 
of tergum orange, and margins silvery ; tergum + very similar, but 
median stripe narrower, and posterior border with a dark band of 
varying width, light patches more yellowish; tergum 5 almost 
entirely creamy, with suggestions of a dark brown admedian stripe. 
Sterna and adjoining edges of terga black (fig. 6). 

MALE ‘TERMINALIA. Fig. 21. ANAL Cerct. Very similar to 
those of xanthomelas (cf. figs. 19 and 21), nipples on inner ends, 
however, distinctly longer and stouter. PHALLOSOME. Chitinous 
part short and broad, shorter than membraneous part ;_ posterior 
process long, widely expanded, with shallow forking. PARAMERE. 
Anterior part long, with one long and two shorter bristles ;_ posterior 
part long, stout, tapering somewhat to end, which is bent. FIrrH 
STERNUM. Relatively small, black throughout, with rather narrow, 


inwardly-projecting processes. 














hig. 21. a.—Phallosome and one paramere of MJ. herve: ; note the stout posterior 
part of paramere ; 6.—Side view of anterior part of paramere of same; c.——Front 
view of posterior process of phallosome of same ; d.—Side view of paramere of same ; 
e.—Anal cerci of same ; f.—Fifth sternum of same. 

FEMALE. HEAD. Vertex silvery, about three-quarters width of 
an eye; vertical stripe about half width of vertex ; outer vertical 
bristles in two, sometimes in three, rows ; eyes minutely and scantily 
haired. MersonotuM. Greyish or greyish-yellow, anterior end 
darker, as in male, with four black stripes. ABDOMEN. Black with 
white or yellowish-white spots and stripes ; terga | and 2 as in male ; 
tergum 3 black with broad white or yellowish-white stripe on each 
side of median black stripe, and silvery patches at margins ; tergum 
4+ similar, but median dark stripe narrower ; tergum 5 almost entirely 
yellowish or satiny, with dark lateral marks which vary in size ; 
sterna and adjacent margins of terga not as in male, but yellowish 
or creamy. 

EARLY STAGES. Oviparous, eggs laid in patches of cow dung in 
the field. ‘THIRD Larva. Anterior spiracles with seven to eight 
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finger-like openings. POSTERIOR SPIRACULAR PLaTes. Fig. 20, 5. 
Large, densely chitinised, slits very narrow and long, plates separated 
by about one-third width of a plate. Pupartum. Light, often 
greyish-brown. 

Notes. Musca herver was recorded by Villeneuve from ‘lonkin 
and Shantung. It is widely distributed in North and Central China, 
and extends into Burma and North India. It is a haematophagous 
species, and is common on and about cattle and horses and cow 
dung. ‘The male can be easily recognised by the minutely haired 
eyes, by the characteristically coloured orange abdomen with yellow 
and white spots, and by the strikingly marked sterna and adjacent 
edges of the terga. ‘lhe female on the other hand is very like that of 
convexifrens and autumnalis. '‘Vhe minutely haired eye is a useful 
diagnostic character. 


16. Musea autumnalis de Geer. Insek. VJ, 83, 12, 1776. 


SYNONYMS: continua R-D.; floralis R-D.; grisella R-D.; ludifacies R-D. ; 
nigripes Panz. nec. Fab. ; *prashadi Patton and Senior-White ; 
rustica R-D.; tau Schrank. 


MaLre. Heap. Vertex linear, lower part silvery ; cheeks white. 
MrSONOTUM. Ground colour bluish-grey with four broad black 
stripes ; wing with three to four long hairs on upper side of R at 
base, never any bristles on ventral side of R,,, to bend of M,.,>. 
ABDOMEN. Dark orange with a reddish tinge; terga 1 and 2 dark 
brown to black; tergum 3 dark orange with a broad median black 
stripe spreading out anteriorly to form a rather wide dark brown to 
black band, a small silvery patch on each side of anterior end of 
median stripe; tergum 4 dark orange with a broad median dark 
stripe edged on each side with a yellowish-white stripe, yellowish- 
white patches at margins ; tergum 5 dark patch in middle and lateral 
vellowish-white stripes and marginal whitish spots ; sterna | and 2 
and distal end of 5 dark brown. 

MALE ‘TERMINALIA. P. I, fig. 25; fig. 22 this paper. ANAL 
CreRcI. Very similar to those of herve: and xanthomelas, if anything 
more deeply emarginated near inner ends, and nipples shorter, outer 
ends similarly broadly rounded. PHALLOSOME. P. I, fig. 25, a. 
Chitinous part varying in length, may be very short, as shown in 
illustration, or distinctly longer (particularly noted in specimens from 
Palestine) ; posterior process broadly expanded hood-like and well 


b] 


Y-forked. PARAMEREF. Anterior part long and deep, with three to 





























; note the rather long posterior 
processes, and compare with those of /arvipara; b.—Anal cerci of same (compare with 
those of /arvipara). 


Fic. 22. a.—Fifth sternum of M. autumnalis - 


four bristles, one usually very long; posterior part long, stout, 
expanded at end which is markedly bent forwards. FIFTH STERNUM. 
Long and rather narrow, distal end dark brown, processes wide, 
projecting well, and slightly bent inwards (cf. with fig. 13, /f). 
FEMALE. Heap. Vertex grey, wide (almost width of an eye) ; 
vertical stripe half width of vertex ; outer vertical bristles strong, 
and arranged somewhat irregularly in two rows; cheeks grey. 
Mesonotum. Ground colour slate grey with four broad black 
stripes ; wing pilotaxy as in male. ABDOMEN. Black with grey and 
white markings ; terga | and 2 black with two bluish-grey spots on 





posterior border on each side of middle line ; tergum 3 with a broad 
median black stripe, a wide grey stripe on each side, a large, some- 
what triangular, dark admedian patch, and marginal grey patches ; 








430 


tergum 4 very similar, but median dark stripe narrower ; tergum 5 
greyish with some dark patches. 

EARLY STAGES. Oviparous, egg with long strong stalk, laid 
singly in patches in cow dung in the field. ‘THIRD Larva. Anterior 
spiracles with eight to nine finger-like openings. POSTERIOR 
SPIRACULAR PLaTes. Fig. 18, a. Large, densely chitinised, spiracular 
slits not very long but fairly narrow, plates separated by about 
one-quarter width of a plate. Puparium. White. 

Notes. Musca autumnalis is a widely distributed European 
species ; it extends down into Palestine, is common in Kashmir, 
and one male was taken at ‘I’sinan, Shantung, North China. It is 
haematophagous in habit, is common on and about animals and cow 
dung ; it hibernates in this country in the adult stage. 

I have not included M. tempestatum in this revision, for although 
it is common in parts of Africa, for instance at Marsabit, N. F. 
Province, Kenya (Mr. Symes), and also further north, I have no 
specimens from the region. I have also not included MW. gymnosomea 
Rondani as, although I have specimens named by the late Professor 
Bezzi, I am not sure of its identity ; it was described from Malta. 
I hope some one in that island will give me an opportunity of 
examining specimens of Musca to see if it is possible to settle its 
identity. The final revision of the species of this region will be 
published in Part 3 of my book. 

I wish to thank Mr. R. C. Shannon and Mr. G. Pandazis for a 
long series of fresh specimens of M. larvipara and M. vitripennis 
collected in Greece ; also Professor H. C. Effatoun Bey for specimens 
of M. albina, M. lucidula and M., vitripennis from Egypt. 

In my next paper in this series, I shall revise the species of the 
Ethiopian region. 
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Research into the transmission of trypanosomes by Glossina 
proceeds inevitably along certain fixed lines. Clean tsetse are first 
fed upon animals infected with the trypanosome under investigation ; 
the flies are then nourished for a suitable period on a clean vertebrate ; 
and, finally, their infectivity is estimated either by feeding them on 
a clean animal or by dissection or by a combination of both methods. 

Since Kleine’s original work in 1909, the experience of a number 
of investigators, spread over many years and covering a very large 
amount of material, has, on the whole, confirmed his pronouncement 
that a fly is not infective until the salivary glands are invaded by the 
trypanosome. In the overwhelming majority of successful transmission 
experiments, in which dissection is relied upon to verify the results, 
one or more flies will be found infected in both alimentary tract and 
salivary glands, and to these flies the infection of the clean animal is 
ascribed. Where the investigation involves the transmission of 
T. rhodesiense or T. brucei by one of the game tsetses, several infective 
flies will usually be found, any one of which is capable of trans- 
mitting the trypanosome. On the other hand, in experiments with 
T.. gambtense and G. palpalis the number of infected flies is often very 
small: it is by no means uncommon to find only one or two gland- 
infected tsetse in several hundreds employed in the experiment, and 
if these individuals are overlooked on dissection there will be nothing 


to account for the infection of the clean animal. ‘There are, moreover, 
strains of trypanosomes very feebly, or not at all, transmissible by 


Glossina, which, nevertheless, still retain considerable power of 
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development in the intestine of the fly. With a strain of this kind, 
in spite of a number of heavy gut infections in flies of mature age, no 
cyclical transmission will occur unless the salivary glands become 
invaded. ‘The interpretation of experiments with such strains depends 
very largely on the dissection of the flies. 

The significance of invasion of the salivary glands by a trypano- 
some has also been studied by the method of injection into a clean 
animal of the flagellates contained in the fly’s intestine, after first 
removing the glands intact by careful dissection. By this method 
Yorke and his colleagues in Rhodesia obtained evidence suggesting 
that in certain circumstances forms infective to mammals are present 
in the intestine as well as in the glands of the fly. Bruce and his 
colleagues and their successors in Uganda failed, however, to confirm 
this observation which they believed to be explained either by 
leakage or, more probably, by deglutition of gland fagellates in the 
living fly. ‘Vhe fact that all Yorke’s experiments were performed 
with flies whose glands were infected lends some force to this explana- 
tion and until it is proved that the intestinal flagellates of a fly 
whose glands are not infected can, on injection into a suitable animal, 
produce infection, there seems to be no need to qualify Kleine’s 
original view that the gland forms are the sole infecting agents in the 
biological cycle. 

‘There is, however, another point of importance in the conduct 
of transmission experiments. Experience has taught that, in normal 
circumstances, a fly once infected with a trypanosome of the 
polymorphic group remains infected all its life. Moreover, the 
evidence tends very strongly to show that once its glands have been 
infected, a fly will thereafter infect every susceptible animal it bites. 
In other words, when a fly has acquired an infection totale of gut 
and salivary glands, flagellates will normally persist in both gut and 
glands until the insect’s death. 

An exception to this general rule will only be detected when the 
infectivity of the flies is tested both by feeding them on a clean animal 
and by their subsequent dissection. If, in a batch of tsetse that has 
infected an animal, none is found on dissection to contain any 
flagellates, the possibility must be entertained that the trypanosome 
has died out in the fly or flies responsible for the infection. In these 
circumstances, if during dissection both the salivary glands and the 
intestine of all the flies have been examined, the disappearance will 
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be held to be complete. If, however, the glands are only examined in 
flies whose intestine has first been found to be infected, there still 
remains the possibility that the gland flagellates have persisted while 
those of the gut have disappeared. 

Some years ago this matter was discussed in connection with the 
failure to find a gland-infected fly in a batch that was known to have 
infected a monkey (Duke, 1921). [t was then pointed out that, 
before explaining this result by supposing that flagellates had died 
out in a fly in which they were at one time established, there were 
certain simpler or more probable alternative explanations to be 
considered. ‘lhe infective Hy might have been overlooked until it 
had become too dry for dissection ; or, again, casual infection from 
some source outside the experiment might have taken place —the 
bane of this kind of investigation, and one that demands constant 
vigilance and careful control. In considering these alternatives, 
reference was made to the results obtained by feeding infective flies 
on monkeys whose blood contained recently administered arsenic, a 
procedure which caused the disappearance of the flagellates from the 
intestine of the fly, leaving those in the salivary glands unaltered in 
shape and function. ‘There are, however, recorded observations 
which suggest that flagellates may indeed disappear from the gut, and 
possibly also from the glands of an infective fly. Bruce and _ his 
collaborators in Uganda described a transmission experiment wherein 
16 laboratory-bred G. palpalis were ted on infected monkeys for 
5 days and become infective 34 days later, remaining so for at least 
49 days. ‘ On the 56th day the remaining 12 flies were dissected and 
examined for flagellates. None were found, but the contents of the 
alimentary canals of the 12 flies, pooled and injected into a healthy 
monkey, gave rise to Sleeping Sickness ’ (Bruce e¢ a/, 1911). In this 
experiment the glands of the flies were not examined, so that we may 
presume that the flagellates had persisted in the glands after their 
disappearance from the intestine. 

Later, in Nyasaland, working with 7°. rhodestense and G. morsitans, 
Bruce again met with a similar experience. In an experiment three 
infected flies were found. ‘ ‘The first and second had the alimentary 
tract swarming with flagellates, but none in the salivary glands. ‘lhe 
third was found, on dissection, to be free from trypanosomes through- 
out. This is curious, because this fly had been isolated in a glass tube 
as an infective fly, and had, when used alone on a rat and rabbit, 
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infected both these animals. ‘lhe fly remained alive in the tube for 
13 days, and the only explanation that can be given is that in this case 
the trypanosomes disappeared absolutely from the fly some few days 
before its death. ‘This was the first time this had been observed to 
take place, and it was thought to be a remarkable phenomenon and 
difhcult to credit, until another example of the same kind was 
observed. It must, therefore, be held as probable that an infective 
fly, with presumably both salivary glands and alimentary tract 
swarming with trypanosomes, can lose all these flagellates and become 
non-infective ’ (Bruce e¢ al., 1915). If we accept the implication that 
the rat and the rabbit were protected from casual infection (in the 
circumstances a legitimate assumption), there is little doubt that the 
authors’ explanation is correct. ‘The experience now to be described 
tends to confirm the accuracy of their conclusion. 

Experiment 1316 comprised a batch of laboratory-bred G. 
palpalis fed for 2 days on a monkey infected with 7. gambiense and 
then nourished for some 16 days on a clean fowl before being trans- 
ferred to several clean animals, all of which in course of time became 
infected. On the forty-third day of the experiment the flies remaining 
alive were killed and dissected. In 1 male and 3 females flagellates 
were swarming in both gut and salivary glands. ‘These 4 flies were 
all alive when the batch was exposed to chloroform. Another male 
fly, taken from the box dead, before its companions were chloro- 
formed, revealed on dissection a state of affairs never before recorded 
in ordinary transmission experiments, but reminiscent of the effects 
of feeding infective flies on arsenic-containing blood. 

‘The fly had died a natural death and had not fed for some days 
previous to its death, circumstances which of themselves normally 
exert no visible effect on flagellates in either gut or glands. ‘The 
intestine was quite empty of blood and contained only a little pale 
straw-coloured fluid. ‘Vhroughout the alimentary tract there were no 
flagellates, alive or dead, and no vestiges thereof. Both glands were 
crammed with flagellates, all of which were motionless and apparently 
dead though unaltered in form. As already observed, the death of 
the fiy overnight cannot alone be held responsible for this remarkable 


phenomenon : it is a common experience at Entebbe to find swarms 
of living flagellates in both gut and glands in flies that have died 
overnight, even after several days of starvation, and this particular 
fly was alive the day before its dissection. As already stated, during 
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the investigation of the action of arsenphenylglycin on trypanosomes, 
several infective flies were examined in which the arsenic had sterilised 
the gut of all flagellates, those of the glands being left intact and the 
fly remaining infective. ‘The observation now recorded suggests, 
therefore, that a trypanosome infection may indeed die out from the 
alimentary canal in Glossina. ‘lhe absence from this fly of any trace 
of dead flagellates suggests that the gut had been clear for at least 
3 or 4 days previous to its death, as in the flies sterilised by arsenic 
dead and altered flagellates in process of disintegration were discern- 
ible for at least 2 or 3 days after the sterilising feed. It is probable 
that the flagellates in the glands of this fly had died before its death, 
and that they would eventually have disappeared, either by absorption 
or ejection, had the insect survived for a sufficient period after their 
demise. ‘There would then have remained no reccgnisable sign of 
the previous heavy infection of this fly with flagellates in both its 
gut and salivary glands. 

‘The fact that the phenomenon here recorded has never before 
been demonstrated by actual dissection testifies to the rarity of its 
occurrence. At the Entebbe Laboratory, in normal circumstances a 
fly such as that just described would be overlooked, owing to the 
absence of flagellates from the intestinal tract. But in a large number 
of special experiments both the salivary glands and the intestine have 
been dissected and examined in every fly ; and yet, until the present 
occasion, I have never found the glands infected without finding 
flagellates in the alimentary tract of the same fly. 

It is, therefore, highly probable that the phenomenon is of very 
rare occurrence in the ordinary conditions of experiment or in nature. 
Nevertheless, the possibility of its occurrence must be borne in mind 
by those concerned with trypanosomiasis research. 
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The earliest published work on the effect of temperature on the 
development of trypanosomes in Glossina was carried out during 
1911-12 by the Luangwa Sleeping Sickness Commission, working in 
Northern Rhodesia (Kinghorn et a/, 1913). ‘The tsetse in the Luangwa 
Valley was G. morsitans, the trypanosomes were 7’. rhodestense and its 
allies in the game. ‘The Commission studied the infectivity of the 
trypanosome to tsetse, both at Nawalia (2,100 feet) and at Ngoa (4,400 
feet), on the Congo Zambesi Watershed, some 70 miles distant. It was 
found that the infection rate in wild tsetse in the valley was two and 
a half times that in the plateau flies. Moreover, in three series of 
experiments carried out at laboratory temperatures at Nawalia (75° 
to 84° F.), at Ngoa (59° to 65° F.) and at the latter place with the aid 
of the incubator (84° to 86° F.), it was shown conclusively ‘ that 
comparatively high temperatures of 75° to 85° F. are necessary for 
the completion of the developmental cycle of 7. rhodestense in 
G. morsitans.’ ‘Yhe Commission’s field and laboratory observations 
on the effects of temperature culminated in the following striking 
experiment. ‘Iwo batches of G. morsitans, A and B, after feeding 
for three successive days on a guinea-pig infected with 7°. rhodesiense, 
were both kept at a mean laboratory temperature of 60° F. during 
the ensuing 36 and 57 days respectively, and fed regularly on a clean 
monkey. ‘This monkey never became infected. On the fortieth day 
of the cycle in batch A, and on the sixty-first day in batch B, the flies 
were placed in the incubator for 6 to 8 days at 75° to 85° F. It was 
then found that the cycle had been completed in both batches. 
Batch A infected a clean animal on the forty-eighth day of the cycle, 
and in batch B a fly was found with infected salivary glands. ‘This 
experiment is convincing. With batch A, it might be objected that 
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the cycle in the flies was, perhaps, normally of some 40 days’ duration, 
and was, therefore, just approaching completion at the time when the 
flies went into the incubator. But the fact that batch B failed to infect 
up to the sixty-first day of its cycle definitely disposes of this con- 
tingency, which with 7. rhodesiense is in any case exceedingly 
remote. ‘lhe authors conclude that ‘ whereas the earlier stages of 
the cycle may take place at comparatively low temperatures, such as 
60° F., for the invasion of the salivary glands, higher temperatures, 
such as 75° to 85° F., are necessary.’ Relative humidity was found 
to be unimportant, and the final conclusion was that the only factor 
which could explain their results was temperature. 

‘The incubator temperatures employed in the Commission’s 
investigations did not exceed 85° F. ‘The climate at Ngoa, where 
the effects of the lower temperatures were studied, is considerably 
colder than that of Nigeria or Uganda, where, during the last few 
years, the subject has again been investigated on a considerably larger 
scale. In neither of the latter countries do laboratory conditions 
embrace the prolonged exposure of the flies to temperatures as low 
as 60° F. On the other hand, as will be seen, the upper range of 
temperature is extended considerably, either by the aid of the pre- 
vailing climate or by the incubator kept at from 90° to 98° F. 

In 1912-13, Bruce and his colleagues (Bruce et a/., 1915) employed 
the incubator in their transmission experiments with 7. rhodesiense 
and 7. brucet in Nyasaland, using a temperature of 84’ F. ‘There 
are indications in the schedules that the higher temperature favoured 
development in the fly, but their work did not deal specifically with 
the effects of temperature. 

In 1929, Lloyd in Nigeria (1930) placed a batch of 15 laboratory- 
bred G. tachinordes in the incubator at a temperature of 92° to 97° F. 
for the first 8 days of the cycle, and found on dissection that 86-6 
per cent of the flies were infected. An attempt to reproduce this 
result in a second experiment, conducted under apparently identical 
conditions, yielded only 8 per cent. infections. 

‘Taylor (1932) has recently carried out investigations on a much 
larger scale. He examined the transmissibility of 26 different strains 
of 7. gambiense in G, tachinoides, and compared the effect of ordinary 
laboratory temperatures with that following exposure of the flies 
during their 4 days’ infecting feeding to a temperature in the incubator 


of 98° F. Five thousand nine hundred and fifty-four flies were 
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employed in the laboratory temperature experiments and 2,246 in 
the incubator series. In all the strains tested, ‘Taylor found that there 
was an increase in the infection rate among the flies kept in the 
incubator. An analysis of his ‘lables shows that in the nine strains 
subjected to both laboratory and to incubator temperatures the 
greatest effect was observed in the two strains whose transmissibility 
by G. tachinoides at laboratory temperatures was lowest. In one of 
these, Gadau XIII, the ‘ total infectivity rate’ was increased from 
2-9 to 20-8 per cent., and the ‘ cyclical development rate ’ from 2-4 
to 17-5 per cent., i.e., approximately a 7-fold increase. In the other, 
Ayu XI, the rises were from 1-5 and 1-5 to 16-0 and 11-9 per cent., 
i.€., approximately 11- and 8-fold increases. But the most remarkable 
record of them all is the behaviour of Strain Ayu V, for which the 
figures were 10-5 and 9-8 per cent. at laboratory temperature, and 
77°9 and 73-5 per cent. in the incubator experiments. ‘This strain was 
the most transmissible of all the 26 tested under laboratory conditions. 
Maintenance in the incubator for a longer period than the four days 
of infecting feeding apparently produced no additional effect. 

‘There are several points arising out of ‘laylor’s interesting paper 
which will be discussed in later publications in this series and else- 
where. [Tor the present our concern is only with the effect of tempera- 
ture. It is plain from the text of his paper that ‘laylor accepts 
Robertson’s views about the endogenous cycle of the polymorphic 
trypanosomes in the vertebrate host and the influence exerted by this 
cycle on the daily infection rate of tsetse serving in transmission 
experiments (Robertson, 1913). ‘Vhus he writes: ‘It is hardly 
necessary to point out that temperature is only one of several factors, 
all of which play more or less important parts in determining infection 
rates. A most important factor is the type of trypanosome taken up 
by the fly, this being dependent on the stage of the endogenous cycle 
in the animal from which the tsetse is infected. ‘This factor is responsi- 
ble for the great fluctuations in infection rates in batches of tsetse fed 
over a long period on an infected animal’ (p. 414); again: ‘ It is 
essential in these tests to employ large numbers of flies fed on the strain 
over a reasonably long period in order to strike an average of the 
infection rates, which vary so much at different periods of the endo- 
genous cycle in the vertebrate ’ (p. 409). And yet there is no indication 
that 'T'aylor’s experiments are paired so that ‘ hot ’ and ‘ cold ’ batches 
of tsetse were fed on the infecting animal simultaneously. In a later 
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paper of this series, data will be submitted showing how great may 
be the diurnal variations in the infection rate, especially in experiments 
with readily transmissible strains. Another point apparently disre- 
garded in the planning of ‘laylor’s experiment is the possible effect 
on the transmissibility of 7. gambiense of prolonged sojourn in one 
and the same animal. It has been shown, with 7. gambiense and 
G. palpalis, that it is misleading to treat as identical the transmissibility 
of a strain at the commencement and at the end of its career in the 
same vertebrate host (Duke, 1931). 

‘Tavlor’s Strain Gadau XIII was under examination in the 
‘laboratory ’ series from January to May, and in the ‘ incubator ’ 
series from January to March, during which time it was kept in 5 
guinea-pigs, representing the third to the seventh passages. Similarly 
with others of the 9 doubly-tested strains. ‘The data about Strain 
Ayu V, the most spectacular of all these tested, emphasize the desira- 
bility of a more rigid comparison. ‘The period during which this 
strain was under examination extended over 102 days, from May to 
August, during which time the flies were fed on two monkeys, 
representing the first and second passages of the strain from man. 
Over this period, only 143 flies were used in the ‘ laboratory ’ and 117 
in the ‘ incubator ° series. According to the number of flies per batch, 
these totals probably each represent 3 or 4 batches of flies, each batch 
being put on the infecting animal for 4 successive days. Strain Ayu V 
is the most transmissible of all the ‘Vaylor’s strain, and in 25 per cent. 
of infections in flies dissected on the thirteenth day after the first 
infecting meal the salivary glands were already invaded, in_ the 
‘laboratory temperature ’ series. According to my experience, both 
with G. morsitans and G. palpalis, it is just these readily transmissible 
strains that show the greatest diurnal and periodic variations in their 
infectivity to fly. In such circumstances the different phases of the 
endogenous cycle may alone account for considerable differences in 
the infection rates of the two groups of flies. 

But, when all is said, the relatively enormous infection rate of 
77°S per cent, attained by Strain Ayu V, taken in conjunction with 
Lloyd’s record of 86-6 per cent. infected in 15 flies and ‘Taylor's 
observation that in certain individual batches of flies 100 per cent. 
were infected (p. 411), constitutes irrefutable proof of the soundness 
of ‘Taylor’s contention that the higher temperatures favour the 
development of 7. gambiense in G. tachinoides. Whether or not this 
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conclusion can be extended to 7. gambiense and G. palpalis and, more 
widely still, to the polymorphic trypanosomes and tsetse generally, is 
another matter, upon which there will be more to say later on. 
Before passing on to consider the experimental evidence accumu- 
lated during the last two years at Entebbe, it may be remarked that 
the behaviour of ‘Taylor’s Gadau and Ganawuri groups of strains at 
laboratory temperatures, as set forth in his ‘lable I, falls well within 
the limits of my own experience of 7. gambiense in G. palpalis at 
I:ntebbe. ‘The figures for his Ayu group of strains, on the other hand, 
are strongly reminiscent of the manner in which 7. rhodesiense 
behaves in G. palpalis under the conditions obtaining in the Entebbe 
Laboratory. It is interesting also to note in the annual report of the 
Medical Department, Nigeria, for 1931, that some of the strains 
isolated from the Ayu district possess attributes recalling 7. rhodesiense. 
In the experiments to be described below it was found that, pro- 
vided the humidity was maintained and air admitted to the incubator, 
the flies did fairly well. Flies that fail to feed well die rapidly in the 
incubator, and if the air or water supply fails every fly may die within 
24 hours. In some experiments the flies, having had a full meal, 
were kept in the incubator without food for 48 hours, fed again and 
kept for a further 24 hours in the incubator at 95° to 98° F., without 
serious mortality. Life in the incubator is thus possible but precarious 
for the G. palpalis of Lake Victoria, and it was found that a very slight 
disturbance of the optimal conditions led at once to a serious mortality 
in the incubated flies. It must be remembered, however, that 
G. palpalis in Uganda is accustomed to climatic conditions very 
different from these described by ‘laylor for G. tachinoides in 
Nigeria, so that the contrast between life in the incubator at 
95° to 98° F., and that in the laboratory or in the natural 
environment of the fly is very much greater in Uganda than 
in Nigeria. Reference to the Protectorate Blue Books shows that the 
absolute maximum temperature recorded at the Entebbe screen 
station (130 feet above the lake shore where G. palpalis lives) is 86° F. 
for both 1930 and 1931, the average maximum for 1930 being 81° F. 
and for 1931 82° F. The absolute minimum for each year was 59° F., 
the mean minimum for 1930 being 59-2° F. and for 1931 60-2° F. 
Of the 19 meterological stations scattered through the Protectorate 
there is only one, at Mbale in the Eastern Province, where an absolute 
maximum temperature of over 100° F. was recorded during 1930 and 
G 
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1931, and this on one day only. 1930 and 1931 were normal years. 
In striking contrast to the mild and comparatively constant climate 
enjoyed by G. palpalis on Lake Victoria, Taylor records screen 
readings, taken in the shade at a primary centre of G. tachinoides at 
Gadau, showing mean maxima of 110°1° F. (43°4° C.) for March and 
105-9° F. (41-1° C.) for April, 1931, during the hot season. ‘The 
lowest temperature recorded at the Tsetse Investigation screens, 
Gadau, was 44° F. (6-5° C.) in January, 1932. The lowest mean 
minimum for a year’s observation was recorded in January, 50-9° F. 
(10-5° C.). The alternation of hot and cold seasons that forms so 
striking a feature of the Nigeria records does not take place in Uganda. 
Table I shows the laboratory temperatures at the actual place where 
the flies are kept. ‘The 1930-31 records in this Table were taken at 
the Veterinary Laboratory, Entebbe; those of 1932-33 at the 
present Human ‘l'rypanosomiasis Institute building. 

A table of equivalent temperatures on the three scales is given 
for the convenience of readers. 


~ 


Fahrenheit Réaumer Centigrade Fahrenheit Réaumer , Centigrade 
65 14-7 18-3 82 22 -2 27-8 
66 15°] 18 -9 83 | 22 -7 28-3 
67 15 -6 19-4 84 23 +1 28 -9 
68 16-0 20-0 | 85 23 -6 29 -4 
69 16-4 20 -6 86 24 -0 30 -0 
70 16-9 21-1 87 24 -4 30 -6 
71 17-3 21-7 88 24-9 31-1 
72 17:8 22 -2 89 25-3 31-7 
73 18 -2 22 -8 90 | 25-8 32 -2 
74 18-7 23 °3 91 26 -2 32°38 
75 19-1 23 -9 92 26-7 | 33 +3 
76 19 -6 24 +4 93 | 27+] | 33 -9 
77 20-0 25-0 94 27 -6 | 34 -4 
78 20 -4 25-6 95 28-0 35 -0 
79 20 -9 26-1 96 28-4 35 -6 
80 21-3 26-7 97 28 -9 36 °1 
81 21-8 27 -2 98 29 -3 36 °7 

i 
METHOD 


Every test consisted of a pair of boxes of flies, each containing 
at the outset approximately 50 G. palpalis. 'The two boxes of each pair 
were fed, one immediately after the other, on the infecting animal. 
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One box was then placed in the incubator and the other over the 
shallow water-trays in the fly-room at the laboratory. The incubator 
contained large dishes of water which were refilled each morning. 
Both doors were left ajar to admit a free supply of air to the flies. 

The experiments were divided into two series. In the first series, 
the incubator was maintained at 86° to 88° F.; in the second, at 
95° to 98° F. In the column headed ‘ Infecting Feeds,’ the number 
shows the days the flies fed on the infecting animal ; a/t. means that 
each feed was followed by 48 hours’ starvation : consec., that the flies 
were given an opportunity (seldom taken by all) of feeding daily for 
the period indicated. ‘lhe length of exposure in the incubator is 
shown : alt. occurring in this column means that the box was kept 
in the incubator for the 24 hours immediately following the infective 
feed and then removed to room temperature for the following 24 
hours’ starvation, this procedure being repeated in connection with 
the second infective feed ; consec. means that the flies stayed in the 
incubator, except for the brief periods at meals, from their first 
infecting feed until 24 hours after their last. ‘Thus every fly in the 
incubator series spent 24 hours in the incubator after each infecting 

. feed ; some batches were kept there continually for the whole period 
of the infecting feeding ; others again were withdrawn for a period 
of 24 hours’ starvation between two infecting feeds. 

‘The experiments are grouped roughly according to strains and to 
the infecting animals on which the flies were fed. A summary of each 
group is given in the right hand columns. Unless otherwise stated, 
the infecting animal was a monkey (Cercopithecus sp.) ; Sh. = Sheep ; 
Rab, = rabbit; 6. = T. brucei; g. = T. gambiense ; and rh. = 
T. rhodesiense. 

Infected flies dying during the early days of an experiment, and 
which still contained the blood of the infecting animal, were rejected 
in both series. 

In addition to the experiments presented in the following ‘lable, a 
number of others were conducted with strains held to be non-trans- 
missible, some of which had lost all power of developing in G. palpalts 
at Entebbe. In no instance did exposure to the incubator at 95° to 
98° F. enable these latter strains to develop in the tsetse : all the flies, 
kept at either incubator or room temperature, remained entirely 
negative. It is not thought necessary to include the figures for these 


strains here. 
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TABLE I] 
The summaries of the transmission experiments. ‘lhe components of each pair of 
experiments are bracketted together 
SERIES | 
(Laboratory temperature and incubator at 86° to 88° F.) 


| Species of | 


trypanosome Flies dissected 

Experi- and Jabora- Infecting  Infecting Days in |_——__--_—"— 

ment No. tory strain animal feeds incubator N Containing 

Number 

number flagellates 
634 b. LIII 948 2 alt. 0 44 0 
635 a n = 4 consec. 28 2 
636 | sh. T2 950 * ss 46 ] 
637 _ W = 0 46 | y 

639 b. LITI 949 : 4 consec. 33 

640 oe re 0 458 | 2 
664 rh. T15S Y58 1 feed 25 consec. 44 U 
665 - ” - 0 5OU 2 
674 rh. ‘V3 923 2 alt. 21 consec. aU 3 
675 f % f 0 52 y 
689 g. * Be.’ 953 2 alt. 0 46 l 
690 ws a be 12 consec. DO 3 
771 b. LIII 969 2 alt. 4 57 3 
772 7 , “ 0 52 5 
hat0 ” Sh. 51 re 12 consec. 42 0 
780 a i 0 49 2 
78: - 969 ye 12 consec. 28 0 
784 re ” - 0 52 l 
785 - eS ss 12 consec. 44 4 
786 PP o i" 0 en an 
796 g. * Br.’ 974 e 12 consec. 31 0 
797 mn ie - 0 44 0 
802 b. LIII Sh. 51 z. 12 consec. 31 0 
803 - me 0 40 UV 
804 ” 969 ms 12 consec. 47 0 
805 J 5 0 43 0 
810 : Sh. 51 12 consec. 27 0 
811 , : i. 0 50 0 
33 g. * Be.’ O74 - 12 consec. 28 () 
823 is = a 0 38 UV 
$29 b. LIII Sh. 51 s 12 consec. 38 l 
$30 a " » 0 45 0 
bese ™ js - 12 consec. 17 0 
834 = - 0 BY 0 
bese g. ‘ Br.’ 974 7 12 consec. 24 i) 
859 ee " o ) 06 a 
863 ” v ‘ 12 consec. 43 l 
(3 | an a | a | 0 39 2 
876 | i - a 12 consec. | 28 ] 
\ 877 - ” . 0 71 4 
J 878 | ob. LIII 969 - 12 consec. 19 0 
(879 : ss a 0 29 2 
f885 | g. * Br.’ 974 " 12 consec. 14 0 
S86 n ~ ro 0 54 2 
f 891 | b& Baie 969 ” 12 consec. 43 | 4) 
892 : , : 0 38 0 
fm921 | b. LIV Rabbit B " 4 consec. 30 | 2 


‘m922 | ‘ ss 4 0 33 | 2 
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SERIES I.—Continued 


| Species of 











trypanosome Flies dissected 
— and labora-! Infecting , Infecting | Days in| ————-——————— 
ment No. | tory strain | animal feeds incubator Containing 
number | Number re tating 
m923 | b. LV 981 - 4 consec. 28 2 
m924 a - s 0 39 5 
1005 rh. ‘T] 1015 | 4 consec. 22 13 
1006 : | 0 44 0 
1011 - "i a | 5 consec. 38 0 
1012 | ° | " 0 51 2 
1081 —s rh. T2 | 1025 1 0 46 0 
1082 | in _ 1 14 27 | 2 
1085 | m ss 2 consec. | 0 22 0 
1086 * | in a. | 12 30 ] 
1088 rh. | 1038 2 alt. | 0 52 2 
1089 | ; 2 29 consec. 24 | l 
1091 J | 0 42 | 0 
1092 — a ” | V1 consec. 28 0 
1094 b. LIII 1026 ” | 0 50 l 
1095 | - ‘. ER | 12 consec. 38 2 
1097 ‘l. brucei 1037 - ' 8 consec. 41 0 
1098 , n * | 0 42 V 
1099 oe e “ 8 consec. 50 v0 
1100 7 i ¥ 0 53 0 
1102 th. T'2 Cat s | 6 consec. 33 1 
1103 | ‘ : | 0 44 0 





‘The data of the two series were subjected to examination by the 
(x — m)® 
m 

For Series I (laboratory temperature and incubator at 86° to 
88° F.), the value for x? = 2-2404. In Series IT (laboratory tempera- 
ture and incubator at 95° to 98° F.), the corresponding value = 5-0391. 

These values indicate that, whereas the difference between the 
two samples in Series I may well be due to chance, in Series II the 
higher temperature is in all probability responsible for the greater 
infection rate shown by the incubated flies. 

In assessing the significance of his results ‘Taylor concludes that 
the increased infection rate in the incubated flies is due to the beneficial 
effect of the high temperature on the trypanosome, helping it in its 
early efforts at multiplication and establishment in the fly. Retention 
of the flies in the incubator after the period of infecting feeding was 
found to produce no further effect. 

The experiments of Table II suggest that this interpretation alone 
is inadequate, and that the influence of the higher temperature on the 
fly itself must also be taken into account. It has been shown that 
G. morsitans from Tanganyika ‘Territory is about twice as good a 


formula + 2 = | 
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‘TABLE I1.—Continued 
SERIES II 


(Laboratory temperature and incubator at 96 to 98° F.) 


| 
| | 

















| 2h 
| os | Flies ‘Totals per individual test 
a = a | 5 ; 1eS 
) & S| _ = dissected |— —- _ 
ys a5 & as 2 Incubator Bench 
~ Oo e& | o z aa gee 
c - ra ws en | oo | 
v org 3 OO | o0 & rw |.& g he ray be : ¢@ 
& | gs& §| & Ss 8\6s\ 3/2 8/812) & 
2 | ees 8) 8 eS les §/3 218/812 
¢ : L - ‘ 
B)88ei el & | g 2ilgaliZi2 2/2/21 
1226 b. LITT 1065) 2 alt. 0 62 | 3) 
1227 * ‘ 2 alt. 53 2 
1232 7 7 0 36 1 
1233 | 2s 7 4 consec. 52 8 ' 192 | 20 10-5 203 11 | 5-4 
1221 1068 . 0 45 6 
1220 2 alt. 37 6 
1235 o 4 consec. 5UVU 4 
1236 i 0 33 14 
1237 g. ‘ Br.’ 1070 2 alt. 52 | 0) 
1238 | 7) 45 0O 
barre 2alt. 64,0 
1243 2 0 57 1 
1244 & ae . 4consec. 31 3 
1245 _ 0 45 0 
1299 | 2 consec. 0 5207281 5 1-7/402, 5| 1-2 
1300 " oil 3consec. 44 0 
1340 gaa . 3consec. 16° 1 
1341 , : 0 52 0 
1342 we ] 2consec. 34 1 
1343 _ i 0 54. 0 
1368 » | aoe 0 56] 
1369 i | 2alt. 33 OJ 
1274 b. LITT 1087] 4consec. 25 0) 
1275 — i 0 45 0 
1276 —_ l 2 consec. 35 1 
1277 ? l 0 361 
1279 1086, 2 alt. 4consec. 42 2 194 3 1-5! 232) 7) 3-0 
1280 | ‘ 0 50 0 
128] | 3 consec. 4 consec. 49 0 
1282 rt 0 55 3 
1267 | 2 alt. 2 alt. 43 0 
1268 : . : 0 46 3) 
1294 rh. Tl 1089) 3 consec. 4 consec. 42 0) 
1295 0 40 1 
1307 0 46 O 
1308 ” 2 4 consec. 47 3 f 169 5 2-9) 182 met 2g 
1331 2 consec. 0 51 | 2 
1332 " i 3 consec. 40 1 
1370 a 2 alt. 2 alt. 40 1 
1371 o0 9 a O 45 24 
1305 = g. LI |1090) 3 consec. 0 39 1) 
1306 ” 4 a 4consec. 31 0O 
1312 2 consec. 3consec. 33 0 
1313 s : 0 43, 1 r 153 0 oO 180 3 16 
1321 “ 0 55 60 | 
1322 m xg 3 consec.| 47 0O 
1344 _ 1 0 43 | 1 
1345 m l 2 consec. 42 | 0) 




















xperiment No. 


E 


| 


coe 
w 
ro) 
_ 


1302 
1309 
1310 
1319 
1320 | 
1337 | 
1338 | 





1317 | 
1318 | 
1330 
1331al 
1351 | 


1352 | 





| Species of trypano- 


| 
| 


_ some and laboratory 
| strain number 


— 
— 


g. 


4 


g. LI 


TY 
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Series I].—Continued 


. Nn 
£ s° 
Cc ne 
CS Gn 
on OL 
& & 
9 3) 
wn Gn 
¢ ¢ 
— — 
——--—- 
1092 ] 
] 
3 consec. 





| 
| 
1098) 
| 


| 
| ) 


| a 


2 alt. 


1095) 2 consec. 
| 
1096 2 alt. 


» | 2 consec. 


” 


1105. 2alt. 
1113 
1112 


| 2 consec. 
Ra 
3 consec. 


consec. 


Days in incubator 





0 
3 consec. 
0 
4 consec. 
4 consec. 
) 
O 
3 consec. 
4 consec. 
| 0 
3 consec. 
0) 
3 consec. 
i] 
2 alt. 
0 
iW) 
3 consec. 
0 
3 consec. 
0 
3 consec. 
2 alt. 
O 
0 
2 alt. 
3 consec. 
0 
2 alt. 
0 
0 
2 alt. 
0 
2 alt. 
0 
2 alt. 


” 























| 
| Flies 
dissected |————— 
| |_ Incubator _ 
2, | 
| 4 “ae ~ i «© 
5 885 |3 | 
Z \OGIZA | Ge Ay | 
54 | 0 | 
55 O | 
4710 } | 
44/55 192} 8] 4:1 
40 | 3 
58 | O 
52 | | 
53 | 0 | 
471 5 | 
48 | 2 | 
38 | 2 | 
48 1}148| 9|6-0. 
20 | 5 —_ 
49 | O 
42 |;0 | 
55 rn | 
50 | 1 | 
29 | 5 
- : lll | 7/6°3 
51 | 5 | 
38/0). 
43 | 0 
40 | 2 | 
») | } 
(arse | 8 [3-7 
42} 1 | 
58 | O | 
32 | 1) 
= : 8] | 414-9 
49 | 3 } | 
59 | 1 | 
44 1 | 
sel a rial | 3 [2-4 
33/0]) | 
48 | 6] | 


0 








‘Yotals per individual test 














Bench 
ae 
Bi 2) § 
ZA} a | Oh 
211 1 | 0-4 
; | 
fF .@ 
| 
199 6 3-0 
| 
155' 3 | 1-9 
153) 110-6 
108; 514-6 
164. 11 +) 6-7 





transmitter of man’s trypanosomes as is the G. palpalis of Lake 
Victoria (Duke, 1933) ; and the work of Lloyd and of ‘Taylor suggests 
strongly that G. tachinoides is in certain circumstances a still more 


efficient transmitter. 


if the higher temperature acted solely, or even 


mainly, on the trypanosome, surely the differences between the 


incubated and non-incubated samples in the Entebbe series would 


be greater than they actually are, for there is no reason to believe 
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there is any fundamental difference between a representative series 
of strains of T. gambiense from Nigeria and one from Uganda in their 
response to temperature changes. If, on the other hand, the higher 
temperature acts through the tsetse by affecting its physiological 
processes in some way favourable to the trypanosome, then the 
difference between the two sets of experiments is more easily 
intelligible. 

‘Taylor pertinently remarks that four days’ continuous exposure to 
37° C. is very different from the conditions met with by a fly in nature, 
even where the mean maximum temperature in the shade reaches 
43-0° C. But this difference is not nearly so great as that between the 
incubator conditions and the normal environment of G. palpalis on 
Lake Victoria. ‘The difference between the temperatures in the labora- 
tory in Nigeria and those outside are, in certain important respects, 
very great, and the seasonal contrasts of the Nigerian climate, though 
reduced, are clearly reflected in the laboratory records. At Entebbe 
there is neither much difference between the temperatures in the 
laboratory and along the lake shore a few hundred yards away, nor 
are there pronounced seasonal variations throughout the year; and 
it must be realised that G. palpalis on Lake Victoria never experiences 
anything approaching the rigours of climate to which G. tachinoides 
is accustomed in Nigeria. 

These considerations suggest that the high temperature exerts 
its effect on the infection rate largely by the alterative action it has on 
the organisation of the tsetse. It is possible that the different species 
of tsetse all differ in their power of transmitting trypanosomes ; but 
we must assume that for the completion of the cycle in Glossina a 
temperature above a certain minimum is necessary, whatever the 
species of tsetse. Above this minimum requirement, higher tempera- 
tures may affect differently the different species of Glossina, as regards 
their power of transmitting trypanosomes. For a tsetse to transmit 
to the limit of its capacity it is probable that it must enjoy its optimum 
temperature. With G. palpalis, exposure to 36° to 37° C. causes a 
slight increase in efficiency, an increase that may, perhaps, represent 
the direct effect of the higher temperature on the blood trypanosomes 
during their first few days in the alimentary canal of the fly. ‘To 
G. tachinoides, 37° C. is a temperature well within its normal experi- 
ence in nature, and brings out to the full the latent capability of that 
species to transmit the trypanosome. 
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There is yet another consideration that supports this view. It 
is generally accepted that the behaviour of trypanosomes in culture 
on artificial media and in the preliminary stages of their development 
in tsetse is similar. A number of people have studied trypanosomes 
in the culture tube, and the great majority have found that tempera- 
tures between 18° and 30° C. are most favourable to development, 
Noller, working with 7. thezleri, found that when his cultures were 
exposed to 37° C. the crithidia present at room temperature reverted 
to the blood trypanosome type (NGller, 1920). The evidence 
afforded by culture experiments does not, therefore, support the 
view that the trypanosome itself benefits directly by the high 
temperature which it encounters in the incubator, although it 
may be retorted that the ordinary technique of culture is devised to 
imitate as far as possible the conditions in the insect. 

This, then, is the interpretation suggested by a study of ‘Taylor’s 
results and those submitted in the present report. Exposure of 
Glossina, carrying 7. gambiense or T. rhodesiense, to a temperature of 
95° to 98° F. during the period of infecting feeding, tends to raise the 
infection rate of the flies. ‘The increase may be due partly to the 
direct effect of the higher temperature on the trypanosome in the fly 
during its early struggles to establish itself, but it is mainly due to 
the effect produced on the vital processes of the tsetse, with the 
consequent reduction of the inhibitory action which the fly’s tissues 
normally exert on the blood forms of the trypanosome as it strives 
to establish themselves in their intermediate host. 
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‘There are two ways in which the time required for the com- 
pletion of the biological cycle of a polymorphic trypanosome in 
Glossina can be estimated: by dissection and examination of the 
salivary glands of the flies at suitable intervals after the infecting feed, 
or by feeding them upon clean susceptible animals and calculating 
the date when infection of the animal actually took place. A com- 
bination of the two methods may also be employed. At the present 
time it is a generally accepted fact that a fly is not infective until the 
metacyclic forms of the trypanosome are established in its salivary 
glands. According to Robertson (1913), some 2 to 5 days after the 
first arrival of flagellates in the glands the bite of the fly becomes 
infective ; and it has been observed occasionally at Entebbe that an 
animal which has been bitten by a fly with a very early infection of 
the glands has escaped infection. 

To obtain accurate information by the method of dissection, 
batches of flies must be killed at intervals along the cycle, a procedure 
demanding large numbers of tsetse and readily transmissible strains 
for really satisfactory results. 

‘The method of testing on a clean animal, together with dissection 
of all the flies as they die, is on the whole very satisfactory, provided 
that the climate is not too hot and dry. In Uganda this method 
yields good results; but in Nigeria, for example, flies dying over 
night are liable to dry up before morning. ‘Taylor, commenting on 
this point, remarks of flies dying during the experiment that they 
are ‘often rendered useless by very heavy bacterial infections’ 

45] 
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(Wallace, 1930). | Wallace’s fifth conclusion reads :—‘ Evidence is 
given to show that tsetse flies do not pick up bacterial infection even 
from freshly contaminated surroundings.’ He remarks that some- 
times infections with a motile bacillus, quite distinct from the symbiots 
normally present in every fly, are found in tsetse that have died 
over night. Such infections are, however, very rare and a fly so 
infected is, of course, rejected. As an illustration of the rarity of this 
bacillary infection it may be noted that only a very few have been 
seen in the course of the examination of some 30,000 laboratory-bred 
flies dissected during 1932, and the majority were in flies that had 
been exposed to incubator temperature of 95° to 98° F. 

Investigations carried out along these lines will reveal when the 
fies became infective. A batch of flies is kept alive for a sufficient time 
to allow of demonstration of its infectivity or otherwise, and is then 
dissected. By deducting from the date of the first appearance of 
trypanosomes in the test animal the number of days necessary for 
the incubation period in that animal, the date of the cycle at which 
the flies became infective can be determined. In an experiment of 
this kind it often happens that no flies with gland infections are found 
until the final dissection of the batch ; the earliest evidence of com- 
pletion of the cycle will then be afforded by the infection of the test 
animal. On the other hand, a fly dying comparatively early in the 
experiment may show a gland infection on dissection and yet never 
have bitten the test animal. 

It has been shown that a heavy infection with trypanosomes 
does no apparent harm to the tsetse (Duke, 1928); indeed, it is 
common to find that a large proportion of the total infected flies in 
a batch survives to the end of an experiment. In many experiments, 
especially those dealing with readily transmissible strains, the majority 
and sometimes all of the flies with gland infections survive until the 
final dissection of the batch. It is, however, well to remember that 
the glands of all these flies may actually have been infected days or 
weeks before their dissection. We have only to suppose that robust 
tsetse are at least as well suited to the trypanosome’s requirements 


as more delicate individuals, in order to realise that flies with gland 
infections will tend to live through to the end of an experiment. 
And, as a corollary to this, if in a collection of flies devoted to a certain 
strain the first gland-infected fly is found on, say, the thirtieth day of 
experiment, the flies not being tested on a clean animal, then there 
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is no justification for assuming that the completion of the cycle was 
delayed until the thirtieth day. ‘The fly then dissected might have 
had its glands infected on the sixteenth, the twentieth or any other 
previous day of the experiment. It will be seen later on that these 
remarks are germane to the discussion that follows. 

The biological cycle of 7. gambiense and T. rhodesiense in ditterent 
species of tsetse has been studied by various investigators in Africa. 
In the earlier work, the second of the methods was employed, viz., 
testing the flies on a clean animal. 

With 7. rhodesiense, and with some strains of T. gambiense, this 
method is, on the whole, fairly accurate, but with many strains of 
T. gambiense it is not. ‘Vhe incubation period of this latter trypano- 
some in monkeys may be very much longer than the 7 to 8 days 
usually allowed in these calculations. I have known a lapse of 3 weeks 
before 7. gambiense appeared in the peripheral blood of a monkey 
inoculated by means of the syringe, although each day a stained thick 
film of its blood was examined. If examination is confined to ordinary 
fresh blood films the error will, of course, be still greater. When 
infection is conveyed by the bite of a tsetse, the incubation period in 
the animal may also be prolonged. In the Entebbe records, there 
are three excellent examples of the delayed appearance of trypano- 
somes in the peripheral blood of the test monkey, when stained 
thick films of its blood were examined daily. In each case the 
period is reckoned from the last day on which the infective fly bit the 
monkey, so that the estimate is conservative : with Strain XIV, 2] 
days ; with Strain XV, 39 days ; and with Strain IX, 25 days. 

Readily transmissible strains often exhibit a fairly regular and 
short incubation period in the vertebrate, possibly because in trans- 
mission experiments with such strains there are often several heavy 
gland infections among the flies, which ensure a heavy inoculation 
of metacyclic forms. But with strains of low transmissibility there 
may be only one fly with a gland infection, and that light in character. 
The dissection method, if specially directed to this end, is undoubtedly 
the most accurate way of ascertaining the time taken for the com- 
pletion of the cycle; but, as already stated, its proper application 
demands large numbers of tsetse. 

In the first part of this paper a review will be taken of observa- 
tions bearing on the length of the cycle of 7. gambiense, and, to a less 
extent, of 7. rhodestense, in different parts of Africa, including an 
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account of 30 different strains of 7’. gambiense that have been studied 
at Entebbe since 1926. 

In Part II are collected from various sources records of infected 
flies that have lived longer than the average time required by the 
strain they carry to complete its cycle in the fly and yet have no 
flagellates in their salivary glands. 

ParT I: Section I 
ON THE LENGTH OF THE CYCLE 

It may be said at once that it is rare for a strain of 7. gambiense, 
freshly isolated from man in Uganda or its neighbourhood, to com- 
plete its cycle in G. palpalis in less than 20 days. In general, 7. 
rhodesiense takes perhaps slightly less time to complete its cycle in 
this tsetse than does 7. gambiense. 

Kleine and Fischer (1913) compared the behaviour of 13 different 
strains of 7. gambiense in G. morsitans and in G. palpalis, and found 
that the cycles in the former fly were slower, as is shown in the 
following ‘Table. ‘The length of the cycle was estimated by testing 
the flies during periods of 4 days on a series of clean monkeys. No 
gland dissections were carried out. As remarked above, flagellates 
may be found in the glands a few days before the fly is infective, and 
the accuracy of the estimate in these experiments of Kleine and 
Fischer depends on the infecting fly feeding promptly on the clean 
animal immediately it becomes infective. 


Length of developmental cycle 

















Experiment No. | In palpalis In morsitans 
(days) (days) 
I. we one mek ies 26 to 30 41 to 44 
Il. oe wae eas mre 31 to 35 36 to 40 
IV. rn = — inn or 40 to 47 
V. ese ie 7“ ee 41 to 43 36 to 40 
VI. bee — — mie wx 36 to 40 
VII. ies ‘ie vb es 26 to 30 41 to 50 
VIII. i ie shee a — ‘es 
IX. ie ie see te 22 to 25 31 to 35 
: men sats ea ee haa 36 to 39 
XI. ee yas me — 31 to 35 32 to 35 
XII. ade — mer ae 22 to 25 41 to 46 
XIII. a es 7 a 23 to 25 41 to 43 


) 
Average 28 to 31 37 to 42 
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Bruce and his colleagues in Uganda, in their transmission 
experiments with laboratory-bred G. palpalis, found that ‘ the flies 
first became infective 28 days after the infective feed, and that after 
this time the flies are usually found to be capable of giving rise to the 
disease by their bites’ (Bruce et al., 1911). ‘They gave several 
instances where, in their opinion, the flies did not become infective 
until after the thirtieth day of the cycle. ‘he earliest record of 
salivary gland invasion obtained by dissection was in a 25-day-old 
fly. ‘The duration of the cycle was calculated by deducting a fixed 
incubation period from the time that elapsed before trypanosomes 
were first found in the test animal’s blood. 

The Luangwa Valley Commission, working in Northern 
Rhodesia with 7. rhodestense and 7. brucei and G. morsitans, found 
that the cycle was completed in an average of 2 weeks : maximum 25, 
minimum 11 days (Kinghorn, Yorke and Lloyd, 1913). 

Studying 7. rhodesiense and T. brucei in G. morsitans in Nyasa- 
land in 1912, Bruce and his colleagues, using the test animal method, 
concluded that for the Human Strain the minimum cycle was I4 
days, the maximum 31, and the average 23 days ; for the Zululand 
Strain the minimum cycle was 13 days, the maximum 21, and the 
average 16 days; and for the Naturally Infected Dog Strain (one 
satisfactory experiment), 24 days (Bruce et al., 1915). 

Lloyd (1930) in Nigeria, using dissection as his guide, found the 
glands invaded in an average time of 16 days (minimum |1—maximum 
20) in experiments with strains of 7°. brucei and G. tachinoides. 

At Mpumu, Fraser and Duke, and later the writer alone, carried 
out a number of transmission experiments with 7. gambiense and 
T. brucet. ‘The average cycle was about 30 days, though gland infec- 
tions were found in flies of 25 days old. In contrast with these results, 
which depended on test feeds on clean animals and examination by 
fresh blood films, Robertson (1913), working at Mpumu at the same 
time and with the same material but using the much more accurate 
method of dissection, reported that : ‘ In one case a salivary gland 
was found infected on the twelfth day, but this is quite exceptional— 
on the sixteenth day infected glands are found in rare cases, and after 
the twentieth day they become increasingly frequent.’ 

Taylor (1932) examined 26 different strains isolated from man, 
using G. tachinoides. He found that ‘ Although the cycle of 
development in tsetse was identical in every strain tested, very well 
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marked differences were observed in the time necessary for the 
completion of the cycle ’ (p. 419). In two strains, Ayu V and Ayu IX, 
25 per cent. and 20) per cent. respectively of the infected flies dissected 
on the thirteenth day of the cycle already showed gland infections. 
Dissection was seldom delayed beyond the twenty-first day, and by 
this time most of the strains tested had begun infection of the salivary 
glands (p. 410). 

With one slow-developing strain, Gadau XITI, no gland infections 
were found before the nineteenth day, and only 18 per cent. of 
infected flies had gland infections by the twenty-first day, i.e., the 
date when the surviving flies were killed and dissected. Strain 
Gadau XV, tested in the cold season, ‘ did not commence invasion of 
the salivary glands until after the thirtieth day of infection, and in one 
batch of flies in which dissections were carried out from the twenty- 
first day onwards, the first salivary gland infection was seen on the 
thirty-eighth day ’ (p. 410). ‘Taylor observes that the behaviour of 
this strain may have been influenced by the cold season. 


For strain Gadau XV the data given are as follows :-— 


Total dissected - 7" a .. 281 
‘ Gut-only ’ infection - - ta | 
Gut and proventriculus = es - 7 
Gut and gland ] 


These flies were dissected between the eighteenth and thirtieth 
days after their first infecting feed. ‘The reference to a fly dissected 
on the thirty-eighth day thus suggests that more flies were examined 
than those reported. But, confining attention to the above figures, 
7 flies out of 281 showed gut-and-proventriculus infections, and only 
| had flagellates in the glands. ‘The ages of these 8 flies on dissection 
are not given, and it is not clear (to the writer) whether, after the 
twenty-first day, they were dissected as they died or whether they 
were chloroformed in groups at stated intervals. 

His ‘Table I shows that the flies used to transmit Strain Gadau 
XV infected a clean animal, but it is not stated if the date of this 
infection threw any more light on the duration of the cycle in this 
strain. ‘The thirty-eighth-day-fly referred to is either the solitary 
gland-infected fly of the ‘lable or one of others not included therein. 
If the former, why should not this fly have had its glands infected 





"TABLE | 
Strain es Infecting Place of 
Species ; 3 
no. animal origin 
I. T.gamb. M. Ist passage ae 
IT. goat 2nd passage 
IIT. M. Ist passage - 
IV. Man Buyanda 
¥. M. Ist passage | Kavirondo, 
Kenya 
Vi. M. Ist passage Ec. P. 
VII. Man Buganda 
VILLI. . 
IX. “ N. P. 
». # M. Ist passage E. FP. 
XI. “ 
XII. Man mw. 
XIII. 
XIV. 
XV. ” 
XVI. W. P., Lake | 
Edward 
NXVIIT. M. Ist passage Bugungu 
XXIX. M. Ist, 2nd, N. P. 
3rd passage 
XXX. Man Buganda 
XXXII. N.. P. 
XXXIT. | 
XXXII. | 
XXXIV. 

XXXIX. | ‘ 
XXVII. . | Buganda 
XL. | T. rhod. s seus 
XLIX. M. Ist passage Buzinza 

ye 
L. ; ‘ | - 
LI. TJ. gamb. | M. Ist passage | E. P. 
LIL. x F. 
E. P. = Eastern Province 


N. P. == Northern _,, 
M. = Monkey 


Earliest evidence of 
completion of cycle 
in G. palpalis 


30th day gland 

Ist tested 31st day ; 
‘ Non-transmissible ’ 
Ist tested 30th day ; positive 
24th day gland 


positive 


‘ Non-transmissible ’ 

Ist tested 30th day ; positive 
‘ Non-transmissible ’ 

28th day gland 

29th day gland 

18th day gland 

23rd day gland 

2Ist day gland 

Ist tested 24th day ; positive 
24th day gland 

24th day gland 


28th day gland 

* Non-transmissible >; from 
European 

22nd day gland 

24th day gland 

23rd day gland 

Ist tested 26th day ; positive 
Ist tested 25th day ; positive 
27th day gland 

28th day gland 

Ist tested 28th day ; positive 
Ist tested 28th day ; positive 


Ist tested 24th day ; positive 
Ist tested 25th day ; positive 
from European 
20th day gland 


W.P.=Western Province 
'L’.T’. =Tanganyika Territory 


Norte.—Save where the contrary is stated, no test was made on a clean animal. 


ll 
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for weeks before the day of its dissection? Except for this strain, 
Gadau XV, all ‘Taylor’s strains had completed their cycle by, at the 
latest, the twenty-first day, a fact suggesting either that G. tachinoides 
is a readier transmitter of 7. gambiense than is G. palpalis, or that the 
West Coast strains of this trypanosome are better adjusted to tsetse 
than are those of Eastern Africa. 

Coming now to the Entebbe series of strains, these are presented 
in ‘lable I. All strains of 7. gambiense that have been transmitted at 
I:ntebbe are included, together with a few non-transmissible strains. 

‘The ‘Table shows that 15 of these strains, collected from all over 
the Protectorate, completed their cycle within 25 days. It will be noted 
that in the remainder, except for 4 described as non-transmissible, 
the flies were infective on the first day they were tested. None afford 
any evidence of requiring 30 days for completion of their cycle. 

From the above resumé it is evident that, when the method of 
dissection is carefully applied, the biological cycle of T. rhodesiense, 
T. brucei and T. gambiense in tsetse is generally completed in 25 days. 
‘The Uganda strains show a remarkable constancy in this respect. 

Kleine’s experiments were conducted during the rainy season 
under what is described as a‘ steppe’ climate, hot days and cool nights, 
and ‘ different from the conditions prevailing in sleeping sickness.’ 
With every strain save two the cycle took longer, sometimes much 
longer, in G. morsitans than in G. palpalis, a result which might be 
due to the two species reacting to the effects of temperature in 
different ways. In my own experiments with these two tsetse, no 
difference was discernible in the duration of the cycle. On the other 
hand, the morsitans pupae used in Kleine’s experiment came from a 
fly belt not far removed from the scene of the experiment. It is 
noteworthy that in only one strain (V) was the cycle shorter in 
G. morsitans than in G. palpalis, and this strain took 10 days longer 
than any of the others to reach the glands in G. palpalis. Apart from 
this strain, the minimum average duration of the cycle in G. palpalis, 
expressed in terms not of yland invasion but of infectivity, as shown 
by Kleine’s figures, is 25 days. 

Kleine’s method is accurate, provided that the flies feed often 
enough and the period on each successive test animal is short ; but 
it is not so accurate as dissection. His experiments are the most 
reliable evidence available of a cycle taking more than 40 days for 


completion at laboratory temperatures. 
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Part II 

We will now consider trypanosome infections (7°. gambiense and 
1’. rhodesiense) in tsetse flies (G. palpalis and G. morsitans) that have 
lived 30 days or longer after their first meal on infected blood, these 
infections being restricted to the alimentary canal of the fly and not 
involving the salivary glands. 

The array of figures is formidable, but the information they 
convey has a definite bearing on the whole question of the transmissi- 
bility of trypanosomes by Glossina. ‘The Nigerian workers have 
reached conclusions different 1n certain essentials from my own, but 
the conditions in the two countries are so different that it 1s quite 
possible that both of us are right. My own views were partly influenced 
by the evidence now to be set forth. In ‘laylor’s paper, the exact age 
of the flies on dissection is not stated, and so it is not possible to 
determine how many of the infected flies dissected at the end of each 
test had no flagellates in their glands. 

An important point of divergence is this: ‘Taylor believes that, 
once a fly is infected in the proventriculus, it is merely a matter of 
time before the glands of that fly also become invaded ; whereas | 
hold that in all but exceptionally transmissible strains there will 
always be a certain number of infected flies in which, no matter how 
long they live, the glands never will become infected. It is to support 
this contention that the figures of ‘Table II have been assembled. | 
do not wish to impugn the accuracy of ‘Tavlor’s conclusions, but 
merely to submit that he has not yet produced adequate evidence in 
their support. ‘lhe existence in nature of non-transmissible strains 
is another point of difference between us, and it may well be that in 
Western Africa, the ancient home of human trypanosomiasis, the 
adjustment between the parasites and their hosts is more perfect than on 
the other side of the Continent It is probable, too, that G. tachinoides 
is a better transmitter of trypanosomes than G. palpalis, and it may 
be, as ‘laylor says, that all his strains are indeed transmissible by the 
local tsetse. But he has yet to prove that every fly with an infected 
proventriculus will, if it lives long enough, eventually develop an 
infection of its glands. In the paper under review no such proof is 
given. In view of the importance of the subject it is to be hoped 
that ‘Taylor will be able to devote further study to the six strains in 
his ‘Table which, according to existing standards are, for all he shows 
to the contrary, non-transmissible, i.e., those in which no gland 
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infections were detected. None of the six was even included in 
his incubator series. Of these six perhaps the most important is 
Gadau VII, which produced no infections in 108 flies used in its 
examination, ‘lhe point is surely of greater biological importance 
than the effect of temperature. 

‘The subject before us at the moment is the individual fly, 
infected with a strain of 7. gambiense known to be transmissible, that 
after living 30, 40 or even 50 days dies and is found to have no 
Hagellates in its glands. ‘The whole question of the liability of 
7’. gambiense to lose the power of passage through tsetse is admittedly 
important, and infections of this kind bear on this problem. As 
‘Taylor remarks, if my conclusions are correct it would seem that 
T. gambiense strains are constantly becoming extinct in certain 
localities. 

‘There is good reason to believe that this does occur, at all events 
in Eastern Africa. It is by no means uncommon for a careful 
inspection to reveal isolated cases of sleeping sickness living in a 
community where contact with fly is still maintained, and yet the 
disease shows no signs of spreading. Non-transmissibility of the 
trypanosomes in such an individual affords an excellent explanation 
of this phenomenon. 

In the following ‘Table are assembled all the data on this subject 
that I can discover, not only in the Entebbe records but in the reports 
of investigators in other parts of Africa. In the ‘Age of Fly ’ column 
the figures show the day after the first infecting feed on which the 
fly was dissected. In the great majority of the experiments the flies 
received two infecting feeds, separated by 48 hours’ starvation. 

In the column headed ‘ Earliest Evidence of Infectivity’ is 
shown the date after the first infecting feed upon which the flies were 
first tested on a clean animal. ‘These tests were performed mainly 
in order to transmit the strain and not specially to test the duration 
of the cycle, and in consequence they supply but little information 
about the earliest date on which the flies became infective. 

‘Table IT shows that a fly may have its alimentary tract infected 
with a trypanosome during 5 to 7 weeks of laboratory service without 
becoming infective. It may be objected that the period of observation 
is inadequate. W. F. Fiske, lately Reclamation Officer, Uganda, an 
able student of tsetse, held that the average duration of life of a 
wild tsetse on Lake Victoria was probably from 2 to 24 months, so 
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that a trypanosome which cannot complete its cycle in less than 35 to 
50 days will not stand much chance in nature. 

Moreover, the evidence in ‘Table IT is not by any means the only 
evidence. ‘There is the published work on non-transmissible strains 
in Uganda; there is an accumulation of observations awaiting 
publication on the behaviour of old laboratory strains in G. palpalis 
(and G. morsitans) ; and there is also the experience of Kleine and of 
Reichenow based on first-hand knowledge acquired in different parts 
of Africa. ‘laylor’s figures show that in Nigeria 7. gambiense com- 
pletes its cycle sooner in G. tachinoides than T. gambiense does in 
G. palpalis in Uganda. They also show that some of his strains are 
only feebly transmissible by G. tachinoides. But they convey yet 
another suggestion, at variance with the author’s own conclusions, 
namely, that there are strains in Nigeria which are non-transmissible 
by the local tsetse. 

The discovery and recognition of non-transmissible strains of 
T. gambiense is at present largely a matter of chance, but a careful 
selection of cases will increase the likelihood of success. Patients 
recently infected are not at all likely to yield non-transmissible 
strains ; cases of long standing, especially those which are progressing 
slowly towards a fatal termination, are the most promising. A mild 
infection does not necessarily signal a non-transmissible strain. On 
purely theoretical grounds, one would expect the Eket strains of 
Macfie and those of the Ayu district of ‘Taylor to be readily trans- 
missible, at all events in the earlier stages of infection ; for in both 
these areas it would appear that the adjustment of the trypanosome 
to man, its principal or only mammalian host, approaches the high 
standard attained by T. brucei in the game. 

But at the present stage of our knowledge it is difficult to foretell 
where non-transmissible strains will be found. Hitherto no such 
strain of T. rhodesiense has been recognised and only one of 7. brucet 
(Strain XXIII of the Final Report of the League of Nations Com- 
mission). Probably this is due to the action of natural selection 
where vertebrate hosts are plentiful and in close contact with Glossinae. 
Evidently the phenomenon is most commonly associated with 
T. gambiense in nature. 

The latest addition to the list of Uganda strains of 7. gambiense 
that were non-transmissible by G. palpalis on their first isolation at 
the laboratory, came a few weeks ago from a man living on the shore 
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of Lake Victoria, whose history strongly suggested that he had been 
infected for considerably more than 12 months. His symptoms were 
not serious and he was recognised as a case of trypanosomiasis during 
a special inspection of a labour gang. Up to date, some 600 flies 
have been fed upon monkeys infected from the patient by blood 
inoculation, and, although the boxes have all been placed in the incu- 
bator during the period of infecting feeding, no infected fly has yet 
been found. ‘This strain is still under examination. 

‘There remains nowadays no reasonable doubt that in Central 
and Eastern Africa there exist strains of 7°. gambiense which, on their 
first isolation from man, are incapable of completing their 
biological cycle in G. palpalis. Non-transmissible strains differ in 
their infectivity to fly; some produce numbers of ‘ gut-only’ 
infections, others very few, others, again, none at all. Loss of trans- 
missibility is obviously a serious matter for a trypanosome in nature, 
and it may be that an early manifestation of the retrogressive process 
is a lengthening of the time taken to complete the cycle. This is, 
however, at present mere speculation, and it is not uncommon to 
find strains of very low transmissibility completing their cycle in 
average time. 

The evidence that has been reviewed in this paper shows that 
the great majority of strains of 7. gambiense can complete their cycle 
in 25 days, and that many do so more rapidly. ‘The formula for the 
transmissibility index given in the Final Report of the League of 
Nations Commission affords a means of comparing the transmissibility 
of different strains. With strains known to mature before the twenty- 
fifth day the earlier date is taken in completing the formula. In the 
absence of such information it would perhaps be more satisfactory 
to adopt the thirtieth instead of the twenty-fifth day as the date by 
which invasion of the salivary glands will be completed in all flies in 
which it is destined to take place. ‘Then, provided 4-500 flies are 
used in a test, a useful conception will be obtained of the efficiency 
of a strain in its natural environment. 

‘he evidence given and discussed in this paper suggests two 
conclusions :— 

(1) It is very exceptional for the biological cycle of man’s 
trypanosomes in Glossina to take more than 30 days for its completion. 
As a general rule, 25 days or less are required. 

(2) With the majority of East African strains of 7. gambiense 
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there will always be a certain number of individual infected flies in 
which trypanosomes never reach the salivary glands, no matter how 
long the flies live after their infecting feeding. 
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A SIMPLE METHOD OF OBTAINING 
EGGS OF MOSQUITOES 


BY 
P. G. SHUTE, F.E:S. 
(Received for publication 3 Fuly, 1933) 


When it is desired to study the eggs of a particular species of 
anopheline or aedine mosquito, it is usual to place a gravid female 
of the species in a small cage containing raisins and a dish of water, 
and to wait until some eggs are laid. ‘This method often gives a 
disappointing result, even when the ovaries of the insect are ripe : 
either the insect dies before laying eggs or many days elapse before 
it does so. I have found that the following is a useful alternative 
plan :— 

‘Transfer a fully gravid mosquito to a strong test-tube plugged 
with cotton wool, and sheke the tube until the mosquito rests at the 
lower end. ‘Then, holding the top of the tube in the right hand, 
tap the bottom end sharply seven or eight times against the lower 
part of the palm of the left hand (the ‘ heel of the hand’). ‘Then 
drop the stunned mosquito into a watch-glass of water and cover it 
with a piece of glass. Within a few moments it will partially recover 
from the stunning effect, and oviposition will commence, an egg being 
laid every ten or fifteen seconds until 200 or more are lying on the 
surface of the water. By this method JT have obtained eggs of the 
following English species :—Anopheles maculipennis, bifurcatus, plumbeus 
and algeriensis ; Aedes punctor, detritus, rusticus, maculatus, lutescens and 
caspius ; Finlaya geniculata ; Taentorhynchus richardu. P. J. Barraud, 
working in India, reports that by using the method he has obtained 
eggs of A. pulcherrimus which does not oviposit readily in the labora- 
tory. ‘The same plan, but without the preliminary procedure of 
stunning the mosquito, has enabled us to obtain eggs of several 
species which arrived at Horton by air-mail from abroad in Barraud’s 
cages. It usually happens that some of the gravid female insects 
transported in these cages have their wings so damaged that they cannot 
fly, in which case all that is necessary is to transfer them to a watch- 
glass of water. In this way I have obtained eggs of A. gambiae 
(costalis) and A. funestus from Africa, A. culicifacies from India, 
A. tarsimaculatus and albitarsis from ‘Trinidad, A. maculipennis from 
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Roumania and A. hyrcanus trom Italy. At Horton the method 
originated from observations made in 1927, when it was decided that 
mosquitoes used in the procedure of infecting patients with malaria 
by inoculating sporozoites intravenously must be killed by stunning 
instead of by chloroform or ether. 

If it is desired to rear anopheles from the egg-stage, some of the 
eggs should be transferred to one of the ‘ floating egg-harbours ’ 
invented and described by the late Dr. Malcolm MacGregor. In 
preparing the cork rings for these ‘ harbours,’ I use dental wax 
instead of a softer variety. 
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*TWO FURTHER CASES OF HUMAN 
INFESTATION WITH BERTIELLA STUDERI 
(BLANCHARD, 1891) STILES AND 
HASSALL, 1902, WITH SOME OBSERVA- 
TIONS ON THE PROBABLE SYNONYMY 
OF THE SPECIMENS PREVIOUSLY RE- 
CORDED FROM MAN 


BY 
A. R. D. ADAMS, M.D. 
AND 


LEWIS WEBB 
(Received for publication 26 Fuly, 1933) 


The adult forms of the cestode parasites of the genus Bertiella 
are normally parasitic in the intestines mainly of primates. Seven 
human cases have already been recorded. ‘The first of these (Blanchard, 
1913) was from Mauritius, where a creole child of eight and a half 
years of age passed fragments of a tape-worm, including the head, 
which were sent to Professor Blanchard and identified by him as 
Bertiella satyri. Some further segments of that same worm are still 
preserved in this laboratory. A second case was reported from India 
(Chandler, 1925) as occurring in Bengal in a Hindu child of two years 
of age ; in this case, both fragments and a complete worm were passed 
after treatment ; Chandler identified these specimens as belonging 
to the above species, B. satvri, and at the same time recorded its 
occurrence in a gibbon, //ylobates hoolock, in the Calcutta Zoological 
Gardens. ‘lhe third case (B. satyri) was recorded from India 
(Mukerji, 1927) as occurring in a Hindu subject. ‘Vhe fourth case 
was from Cuba (Cram, 1928), but the patient, an adult Spaniard, 
had, eight years before, lived for a time in the Canary Islands, where 
infection may have occurred ; this worm was apparently a complete 
specimen with head, and was determined as a related species, 
B. mucronata. ‘Vhe fifth record was from St. Kitts (Cameron, 1929) ; 
the sixth (B. studeri) again from India (Maplestone, 1930) ; and the 
seventh (B. studeri) from Sumatra (Joyeux and Dollfus, 1931). ‘The 


*From the Bacteriological Laboratory, Medical and Health Department , 
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471 











472 


two further cases now recorded are again native children in Mauritius, 
one a local creole child, and the other of pure Indian descent but 
born in this country. 

Case I.—A cestode parasite in a fragmentary state was sent to 
the laboratory by a local doctor, Dr. Duvivier, in 1929. It had been 
obtained from a creole child of about eight years old, after treatment 
with extract of male fern. ‘lhe total length of the segments sent was 
about 70 cms. and no head could be found with the strobila. ‘The 
fragments contained immature, mature and gravid segments which 
were all somewhat contracted, and thus the length of the portions 
received, in a relaxed state, would have been probably considerably 
greater than that recorded above. ‘The gross morphology of the worm 
immediately called to mind the previous record of Bertiella in this 
country, but beyond a somewhat cursory examination no further 
notice of the specimen was taken until this year. 

On recent full examination it was found that the somewhat 
Heshy segments are all broad and relatively short, the immature 
segments measuring about 6 mm. broad and (0-65 mm. long, whilst 
the gravid segments are about 15 mm. by 2 mm. Fragments stained 
with acetic acid-alum-carmine showed that the genital pores are 
irregularly alternate ; the testes are numerous (about 100) and form 
a continuous field between the longitudinal excretory canals, and lie 
along the anterior border of the segment and on its dorsal aspect ; 
the ovary is a large kidney-shaped organ lying in the poral half of 
the segment ; it occupies almost the total length of the segment and 
the inner portion extends towards, but never beyond, the medial 
line of the strobila; the vitelline gland is definitely bilobed and 
situated just behind the centre of the large ovary and in its ‘ hilum,’ 
while the shell gland lies about the centre of the vitelline yland. 
The cirrus pouch is rather difficult to delineate : it appears to arise 
just internal to the excretory canals and is a broad, almost globular, 
structure, with an internal seminal vesicle ; the vagina is fairly well 
developed, a single large receptaculum seminis is present, and 
immediately below this there is a well-marked vaginal dilatation. 
Some deeper staining cells in the walls, which are here apparently 
thicker, can be seen in the poral portion of the vagina. ‘The genital 
ducts pass dorsal to the longitudinal canals. ‘The uterus is at first a 
transverse sac lying between the excretory canals on either side ; later 


there are well-defined anterior- and posterior-branched sacculations 
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arising from it, and in these posteriorly are seen ovigerous masses, 
the gravid segments eventually consisting virtually of a mass of eggs. 
Eggs were removed from a gravid segment before fixation, when the 
specimen was first brought to the laboratory, and were found to 
possess a rudimentary pyriform apparatus ; the average dimensions 
of a number of onchospheres were about 17-5 by 16-8 » and of the 
outer capsules 50) by 45 uw. ‘There appears no doubt that the specimen 
is one of Bertiella. 

Case I1..-While engaged recently in some other investigations 
at Beau-Bassin prison, some specimens of tapeworm were observed 
in a cabinet. By courtesy of Dr. Maingard, the prison medical 
officer, we were permitted to remove these for further study at the 
laboratory. ‘lhe worm now recorded had attracted our attention 
particularly and was found to have been preserved in weak formalin 
in a bottle labelled as follows :— 

Passed by Warder Jagatsing’s child--girl of 44 years—-on 

11.5.28 and 22.10.28. No head. Without medicine. 

On examination the specimen was found to consist of three 
longish fragments, measuring in all about 80 cms., and a number of 
groups of segments. ‘lhe specimen was in a very contracted condition, 
and a few groups of gravid segments appeared to have been left 
unfixed for some little time, as they had started to disintegrate ; the 
remainder of the worm was well preserved. One fragment of 23 cms. 
appeared to have been derived from immediately behind the head 
of the worm, but no head could be found. ‘The gross morphology 
is that of the specimen already described, and, on staining portions 
the anatomy also conforms in every respect to that detailed above, 
except that the cirrus pouches are much better defined, narrower and 
more muscular. ‘l‘hey arise just internal to the excretory canals. 
‘The segments immediately behind the head contain definite rudi- 
mentary genitalia, and by about the eighth segment the finer details 
of the testes, ovary and vitelline gland, together with their ducts, can 
be distinguished. ‘The eggs dissected from a fixed gravid segment 
contain a rudimentary pyriform apparatus, but owing to the fixation 
are somewhat distorted. We have no reason to believe that the 
parasite is not the same species as that recovered from Case I. 
Examination of a number of specimens of stool for eggs or segments 
from this child in the last few weeks have failed to reveal any present 
infestation with the parasite. 
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On referring to the literature on the subject of the species of 
Bertiella, we have found that Blanchard (1913) lists no less than 18 
species, but gives no key to their differential characters. Chandler 
(1925) gives a key to six of the species, the differential characters 
resting on the position of the head suckers, the length and relative 
size of the neck, if present, to the head, and also on certain differences 
of the genitalia. He states that in the case of B. polyorchis, B. 
mucronata, B. conferta and B. cercopitheci there is no pyriform 
apparatus in the egg. ‘That this is not the case seems to have been 
demonstrated by Cram (1928). According to Cram, B. mucronata 
differs from B. studeri in that the cirrus pouch is atypical and very 
weakly developed, the vagina being strongly developed. Cram 
regards B. satyri as differing from B. studeri on somewhat similar 
grounds ; she states that in B. satyri the cirrus pouch is feebly 
developed and the vagina is feebly developed in the outer half and 
has two enlargements, or receptacula seminis, in the inner half of 
its length; whereas B. studeri has a typical cirrus pouch strongly 
muscular in its development and the vagina is weakly developed. 
Baer (1927) reduces the recorded species of Bertiella to two, namely, 
B. studeri of the old world and B. macronata of the new. Meggitt 
(1927) describes a further species, B. fallax, in Cebus capuchinus from 
Egypt, and refers to B. mucronata (Meyner, 1895) as having been 
recovered from Cercopithecus sp. and Mycetes niger. He considers 
the differences between B. cercopithect, B. mucronata, B. conferta, 
B. polyorchis and B. studeri to be non-specific and such as might be 
produced by variations in methods of fixation or in the degree of 
muscular contraction of the specimens ; he considers that all these 
are but varieties of a single species, while B. fallax presents undoubted 
specific variation. Southwell (1930) also regards B. satyri, B. cerco- 
pitheci and a number of other species, among which B. mucronata is 
not listed as it probably has not been identified in India, as synonyms 
of the type-species B. studeri. 

B. polyorchis (Linstow, 1905) was recovered from Macacus 
cynomoleus from Java. MM. cynomolgus is the monkey occurring in 
large numbers in a wild state in Mauritius, and was originally intro- 
duced to this island from Ceylon. <A large number of these animals 
are kept in captivity as pets, but we are unable to trace any relationship 
between such pets and these two further cases of human infection. 
‘The helminths of these local monkeys, as far as we are aware, have 














we 
never been studied, so we are unable to state whether Berttella occurs 
in them. In view of the slight and rather indeterminate differences 
between the majority of recorded species, and in spite of the fact 
that the two specimens described above present certain apparent 
differences in the structures of the cirrus pouches, it is, in our opinion, 
most unlikely that they belong to different species. A noteworthy 
point in our two specimens is the markedly bilobed form of the 
vitelline glands, a feature not apparently stressed in descriptions of 
the recorded species, but one which appears to us of more importance 
than a number of the minor differences in the structures of the 
genitalia which have received considerably more attention. We 
therefore endorse Meggitt’s and Southwell’s views on the synonymy 
of many of the recorded species, more especially of B. satyrt, B. 
mucronata and B. polyorchis, with the type-species B. studert ; and 
accordingly identify the two parasites herein described as B. studert 
(Blanchard, 1891) Stiles and Hassall, 1902, and regard B. mucronata 
and other species mentioned above as synonyms. B. fallax alone 
would appear to present undoubted differential specific characters 


from the type-species. 
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A NEW HAEMATOPHAGOUS SPECIES OF 
MUSCA FROM MALAYA 


BY 
W. S. PATTON 
(Department of Entomology, Liverpool School of Tropical Medicine) 


(Received for publication 4 September, 1933) 


Among a large collection of Muscid flies sent to me in 1932 by 
Dr. Green from Kuala Lumpur, I found a long series of both sexes of 
a new species of Musca, which I have much pleasure in naming after 
its discoverer. Later, Mr. Colbran J. Wainwright gave me a large 
collection of Musca, among which I found three females and many 
males of this Malayan species, which had been collected at Silchar, 
Cachar, Assam. I append a short description of the adults and of 
the male terminalia. 


MUSCA GREENI sp. nov. 


Mave. Heap. Vertex linear, lower part and cheeks silvery ; 
antennae black, palps dark brown to black; eyes with minute and 
sparsely distributed hairs (only visible under high magnification). 
MEsONOTUM. Grey with four broad black stripes ; vein R,,; with 
a row of small bristles on ventral side reaching almost to bend of 
M,42. ABDOMEN. Orange; terga 1 and 2 orange with a median, 
rather narrow, black stripe, which expands anteriorly, forming a 
black patch ; tergum 3 orange with a narrow median black stripe 
expanding anteriorly T-like to form a band of varying width, a silvery 
patch, or even a stripe on each side of the median stripe, and the 
extreme margins silvery ; tergum 4 dark orange with a dark brown 
to black median stripe, a broad grevish-yellow stripe on each side, 
a greyish patch at each margin, and an admedian dark orange stripe ; 
tergum 5 very similar but all stripes and markings narrower. Sternum 
1 dark brown to black ; sterna 2 to 5 inclusive orange ; about distal 


half of sternum 5 dark brown (fig. 1, a). 
MALE ‘TERMINALIA. Figs. 1, 2. ANAL Cerci. Free border 


only slightly emarginated, outer ends broadly rounded, inner produced 

into rather short but broad nipples. PHALLOSOME. Chitinous part 

long, about as long as membraneous part ; posterior process long, 

broadly expanded and deeply forked. PARAMERE. Anterior part 
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Fic. 1. a.—Fifth sternum of M. greeni ; b.—Anal cerci of same. 


long and broad, and broadly rounded with well-marked posterior 
extension, and with two small and one long bristle ;_ posterior portion 
long, broad, well bent, and with the usual four to six sensory spines. 
FIFTH STERNUM. Long, longer than broad, about posterior half dark 
brown ; posterior processes short, broad, bent inwards and hairy. 
FEMALE. Heap. Vertex wide, about three-quarters width of 
an eye, lower part and cheeks grey ; vertical stripe about half width 
of vertex with straight edges ; outer vertical bristles in two rows ; 
eyes with a very few minute hairs (only visible under high magnifica- 
tion). MrEsoNoTUM. Asin male; vein R,,; with bristles as in male, 
ABDOMEN. Orange with extensive greyish-white markings ; terga | 




















Fic. 2. a.—Phallosome and one paramere of M. greeni (Kuala Lumpur) ; >—Right 


posterior paramere of same (Silchar, Burma) ; c—Front view of posterior process Of 
phallosome of same (Kuala Lumpur) ; d—Back view of posterior process of phallosome 
of same; e—Right anterior paramere of same (Silchar, Burma). 


and 2 orange with a narrow median black stripe expanding anteriorly 
to form a large dark band, white patches at sides often forming 
greyish-white bands on each side of median stripe ; tergum 3 dark 
orange with extensive greyish-white markings, a narrow to broad 
dark brown median stripe, at low angle seen as a large brown median 
patch, a broad greyish-white stripe on each side, a large dark brown 
triangular patch with its base at the posterior border of tergum, and 
apex either reaching the anterior border or ending just short of it, 
and a lateral greyish stripe then appearing confluent with the greyish- 
white patches at sides of tergum ; tergum 4 very similar, but median 
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stripe a broad triangular dark brown patch with apex towards 
posterior border; tergum 5 very similar but all stripes narrower. 

EARLY STAGEs. Unknown. 

Notes. Musca greeni is very like M. bezzu Patton and Cragg, 
M. bakeri Patton, and M. illiingworthi Patton, the two latter occurring 
with it in Kuala Lumpur. In my paper on the Oriental species I 
shall point out how it can be distinguished from bezzi, with which 
it is closely related. ‘The following 14 species are at present known 
to me from Malaya; I hope to give a key to their identification in 


the paper on the Oriental species. 


Group | Group 2 GRouP 3 
Musca vicina Musca sorbens Musca xanthomelas 
planiceps »  vetustissima »  craggl 
ventrosa ,  tlingworthi 

crasstrostris »  bakeri 
conducens »  greent 
fletcheri 


inferior 











ASI 


MISCELLANEA 


A MODIFICATION OF LLOYD AND 
JOHNSON’S METHOD OF PROBOSCIS AND 
GLAND DISSECTION IN TSETSE-FLIES 


Instead of first removing the head with the glands from the 
thorax, the head and thorax preparation is laid on its back in normal 
saline, the left needle slightly pierces the thorax about between the 
third pair of legs to hold the specimen, while the right needle is laid 
horizontally across the base of the proboscis. By gentle pulling, the 
proboscis is pulled off the head and draws the glands out with it. 
It is easy to do and is successful with freshly killed flies. 


J. F. Corson. 
23 Fune, 1933. 


















OBSERVATIONS ON THE DEVELOPMENT 
OF PLASMODIUM MALARIAE LAV. IN 
ANOPHELES ELUTUS EDW. 


EXPERIMENTAL ‘TRANSMISSION OF QUARTAN 
MALARIA TO MAN FROM ‘THE MOSQUITO 
BY 
G. MER 


(Malaria Research Station, Rosh Pinah. Department of Ilygiene, 
Hebrew University, Ferusalem) 


(Received for publication 13 September, 1933) 


‘he experiments reported below were carried out in the Huleh 
area, Where quartan malaria predominates throughout the whole 
year. Local epidemiological observations on quartan malaria have 
shown that new infections occur from June to October, and our 
experiments were, therefore, carried out in summer (1932 and 
1933). 

Carriers selected among children of the Huleh were used for 
infecting mosquitoes. During summer, it is difficult to find carriers 
of P. malariae whose blood is entirely free from gametocytes of 
P. falciparum, but in the cases selected the latter were sufficiently 
scarce not to interfere with the experiment. Actually these 
precautions, though useful, were not essential, for, as will be shown 
later, there would be no difficulty in distinguishing mixed infections 
of these two parasites in the mosquito. 


EXAMINATION OF THE CARRIER 


‘Thick drops and thin films were examined 3-4 hours before 
the experiment and during the experiment. Some slides were 
stained by the routine method, others were kept in a moist chamber 
for 10, 20 or 30 minutes in order to study exflagellation. 

Only laboratory-bred specimens of A. e/utus were used. After 
the feed on a carrier, they were kept in a moist room and fed on 
raisins, except in a few instances indicated below. ‘They were 
dissected at various intervals. 
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EXPERIMENT 28. 


30.8,.32. Room temperature 37° C, 
Carrier A.N.A., aet. 3. 
P. malariae. Asexual forms 2 to 40 leucocytes. 
Gametocytes 1 to 150 leucocytes. 

P. falciparum. Gametocytes 1 _ to 5,000 leucocytes. 

Exflagellation observed in fresh preparation. 

Anopheles hyrcanus : 15 fed on above carrier and dissected at intervals 
up to 15 days. All were negative. 

A. elutus : 11 fed and dissected up to 21 days after the experimental feed. 
‘I'wo were found positive ; one, dissected 14.9.32, contained 4 oocysts in 
midgut ; one, dissected 19.9. 32, contained 2 oocysts in midgut. In both cases 
the salivary glands were negative. 


IXPERIMENT 45), 
19.10.32, lO a.m. Room temperature 24 C. 
Carrier H.M.N. 
P. malariae. Asexual forms 4+ to 30 leucocytes. 
Gametocytes | to 72 leucocytes. 
Ratio ©: dg 1:2. 

P. falciparum. 1 to 2,050 leucocytes. 

A moist chamber preparation was examined and subsequently stained. 
A quarter of all the microgametocytes exflagellated. 

Eighteen A. elutus, hatched on 17.10.32, fed on this carrier, and 7 were 
subsequently found to be infected; 4, dissected after 13 days, contained 
oocysts in the midgut ; 1, after 30 days, contained a few sporozoites in the salivary 
glands ; and 2, after 47 days, contained numerous sporozoites in the salivary 
glands. 


FEEDING EXPERIMENTS ON VOLUNTEERS. 

10.11.32. Six mosquitoes, of which 3 were subsequently found positive, 
fed on a human being who had never had malaria. 

Result negative during an observation period of 9 months. 

This result was inevitable, for, as was subsequently found, sporozoites 
do not invade the salivary glands until about 28 days after the infecting feed. 

23.11.32. Five mosquitoes fed on volunteer Z.M. 

5.12.32. "Two of the above mosquitoes were found to contain numerous 

sporozoites in their salivary glands. 

Result. Z.M. acquired an infection with P. malariae. For details, see 
below. 


EXPERIMENT 69. 
6.6.33. Room temperature 25° C. 
Carrier M.S.M.K., aet. 2. 

P. malariae. Asexual forms 2 to 30 leucocytes. 

Adult gametocytes : 1 to 120 leucocytes. 

Ratio S: ¢ 9:8. 

P. falciparum. Gametocytes | to 5,000 leucocytes. 

Spleen 3 fingers below costal margin. 

Moist chamber preparation; two-thirds of all the microgametocytes 
extlagellated within 30 minutes. 

‘Twenty-six A. e/utus fed on this carrier and were kept at a temperature 
of 19° C. to 26° C. between 6.6.33 and 11.7.33. Four mosquitoes were sub- 
sequently found infected. 

3.7.33. In one mosquito 15 oocysts, 45 to 60 in diameter, were 
found. ‘The three largest oocysts contained sporozoites, and a few sporozoites 
were found in the salivary glands. 
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7.7.33, Five mosquitoes placed on a malaria-free volunteer, BLY. ‘Two, 
which did not ingest blood, were dissected, and | was found to contain 2 
unripe oocysts, 484% in diameter, and numerous sporozoites in the salivary 
glands (obviously derived from one or more ripe oocysts which had burst). 

The other three mosquitoes were dissected on 11.7.33 and two were 
found positive ; one contained 5 unripe oocysts, 32 to 53u in diameter, and 
the other contained 5 unripe oocysts, 324 to 604 in diameter. In both, the 
salivary glands were negative. 

B.Y. subsequently became infected with P. malariae. For details, see 
below. 


EXPERIMENT 74, 
16.6.33. Room temperature 25°5° C. 
Carrier A.S.A., aet. 9. 

P. malariae. Asexual forms | to 7 leucocytes. 

Young gametocytes | to 40 leucocytes. 

Fully grown gametocytes | to 50 leucocytes. 
Ratio 2: ¢ 2:3. 

Leucocytes 6,000 per cm. 

Spleen palpable. 

"Thirty-six A. elutus fed and were kept at 23°C. to 26°C. Of these, 
S were subsequently found positive. 

27.6.33. ‘Two mosquitoes contained 15 and 4, respectively, very trans- 
parent oocysts, 9 to 18 in diameter. 

28.6.33 One mosquito contained 2 oocysts, 15 in diameter, Nine 
A. elutus fed on a malaria-free subject. Of these, 4 were subsequently found 
positive. 

5.7.33. One contained 1 oocyst, 324 in diameter, and one contained 
5 oocysts, 24 to 33u in diameter. 

14.7.33. One contained a ripe oocyst which burst during the dissection 
and liberated a large number of sporozoites. 

17.7.33. One contained an unripe oocyst, 47 in diameter, and sporo- 
zoites in the salivary glands. 

17.7.33. Two A. elutus fed on volunteer D.B., who had never had 
malaria. Of these, | was found positive on 20.7.33. One unripe oocyst, 39 
in diameter, was found in the midgut, and a few sporozoites were found in the 
salivary glands. 

Volunteer D.B. was subsequently found to be infected with P. malariae. 
For details, see below. 


RESULTS OF INFECTION EXPERIMENTS 


All the volunteers were kept in Rosh Pinah, a village in which 
no cases of quartan malaria have been found during the past five 
years. 


EXPERIMENT 49. 

The volunteer Z.M., on whom 5 A. elutus (of which 2 were subsequently 
found to have sporozoites in the salivary glands) fed on 23. 11.32, had headache 
and general indisposition on 18. 12.32 and again on 21.12.32. ‘Temperature 
normal. Blood negative. 

24.12.32. Headache. ‘Temperature, 38-7° C. Rigor at4+p.m.; afew 
rings and sporulating bodies of P. malariae found. 

27.12.32. Rigor at4 p.m. Quartan rings and schizonts found in blood. 

28.12.32. Treatment commenced ; 0°9 grms. quinine and 0-03 grms. 
plasmochin per day for 15 days. No relapse. 
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IXPERIMENT 69. 

The volunteer B.Y., on whom 5 A. elutus (of which one was subsequently 
found to have sporozoites in the salivary glands) were placed on 7.7.33, had a 
temperature of 37-9° C. on 20.7. 33. 

20.7.33. Blood negative. 

31.7.33. General indisposition. Blood negative. 

2.8.33. 8p.m. Temperature 38°C. Rigor. A few rings of P. malariae 
found. 

3.8.33. 10 a.m. Temperature 39° C. A few rings of P. malariae found. 

5 p.m. ‘Temperature normal. 

5.8.33. 8.30 p.m. Rigor. At 10 p.m., temperature 40°8° C. One ring 
to 500 white cells, and one rest of a sporulating body (containing three mero- 
zoites). 

6.8.33. lam. Temperature 39-9° C. One ring to 300 white cells. 

4 p.m. Temperature 37° C. One ring to 7,000 white cells. One 
young gametocyte found. 

10 p.m. ‘Two trophozoites (typical band forms) to 5,000 
white cells found. 

7.8.33. 4a.m. Temperature 36°8° C. One trophozoite to 500 white cells. 

10 am. Temperature 36:5° C. Idem. 4 p.m. Temperature 
36°5° C. Idem. 

10 p.m. ‘Temperature 36°3° C. Three trophozoites and 1 
microgametocyte to 2,500 white cells. 

8.8.33. 4 am. ‘Temperature 36°3° C. Commencement of division. 
Forms with 2 masses of chromatin found. 

10 a.m. Temperature 36° C. Chromatin divided into 4 masses. 

4 p.m. ‘Temperature 36:°9°C. Five sporulating bodies (6 
merozoites in each), and 1 microgametocyte per 5,000 white cells. 

8.30 p.m. Rigor. Temperature 38-2° C. One sporulating body 
with 6 merozoites to 5,000 white cells, and 1 ring to 100 white cells. 

9 p.m. ‘Temperature 39:9° C. Six sporulating bodies (1 with 
12, the rest with 6 merozoites) to 5,000 white cells. One ring to 100 white cells. 
‘T'wo out of 65 rings show 2 masses of chromatin (fragmentation of nucleus). 

9.8.33. 4 am. "Temperature 37:3° C. One ring to 62 white cells. 

No sporulating bodies to 5,000 white cells. 

7am. One ring to 62 white cells. "he largest rings contain 
pigment. 
EXPERIMENT 74. 

The volunteer D.B., on whom 2 A. e/utus (of which one was subsequently 
found to have sporozoites in the salivary glands) had fed on 17.7.33, had 
headache and general indisposition on 11.8.33. Blood negative. On 
13.8. 33, at 4.30 p.m., rigor ; temperature 38:3" C. Blood negative. 

14.8.33. 7 a.m. Temperature 37-8° C. Blood: a few rings of P. malariae 
found. 


COMPARISON OF LIFE CYCLE OF P. MALARIAE TO THOSE 
OF P. VIVAX AND OF P. FALCIPARUM 


The development of P. malariae in A. elutus is much slower 
than that of P. vivax and P. falciparum. Under the conditions of the 
experiment recorded above, the two latter parasites complete their 


development up to the presence of sporozoites in the salivary glands 
within 17-18 days. ‘This was determined in parallel experiments 
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on gametocyte carriers of P. vivax and P. falciparum carried out 
under the same conditions. After 12 days’ development, oocysts of 
P. vivax are up to 30p, those of P. falciparum up to 36p in diameter, 
while those of P. malariae are only from 8 to 15p in diameter. At 
this stage the oocysts of P. malariae can easily be overlooked, partly 
because of their small size and their transparency, and partly because 
they contain relatively less pigment than the oocysts of P. vivax, 
and, in addition, the pigment of the young oocysts of P. malariae 
is apt to be distributed at the periphery. 

In P. vivax, ripe oocysts up to 40 in diameter containing 
sporozoites were found after 17 days or earlier; in P. falctparum 
(up to 54y in diameter), after 18 days or earlier ; while in the case 
of P. malariae oocysts (up to 60 in diameter) with active sporozoites 
were found after 28 days. | 

The salivary glands were not infected till 28 days after the 
infecting feed in the case of P. malariae, while in the other two 
species they were found to be infected within 17 and 18 days respec- 
tively. ‘The sporozoites of P. malariae examined in vivo were found 
to be larger than those of the other two species ; their movements 
are more rapid and their extremities are curved. ‘The comparative 
size of the sporozoites of the three species are P. malariae 11, P. falct- 
parum 9, P. vivax 8. 

In other experiments, 202 specimens of A. elutus were dissected 
15 days and more after feeding on 15 patients containing gameto- 
cytes of both sexes in their blood, and were found negative. Eleven 
of these patients had no young gametocytes in their blood. Of these, 
only 6 did not show exflagellation of microgametocytes. 

We do not as yet attempt to explain these negative results in 
spite of the exflagellation, and the experiments await further analysis ; 
but the fact that the best results were obtained with those carriers 
which contained both young and fully grown gametocytes suggests 
the possibility that old macrogametocytes are either not fertilized or 
are incapable of further development after being fertilized. 

The relatively long period necessary for the development of 
P. malariae in A. elutus indicates that a large number of cases of 
quartan malaria can only occur under conditions which favour 
longevity in the adult mosquito. Such conditions obviously occur 
in the Huleh area, where there is a constant high relative humidity 
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enabling these insects to survive for more than 30 days at a high 
temperature, and where the breeding places are in close proximity 


to the feeding grounds. 


SUMMARY 


A. elutus was infected with P. malariae. 

‘The development of the oocysts is described and compared to 
that of P. falciparum and P. vivax in the same mosquito. ‘The 
salivary glands are invaded after 28 days at a temperature of 
23°-26° C. 

The sporozoites of P. malariae are larger and more active than 
those of P. falciparum and P. vivax. 

Three human beings were infected by the bite of infected 
A. elutus. 

‘The development of P. malariae was studied in one experimental 
infection. | Nuclear division in the schizonts does not occur until 


about 16-24 hours before the rigor. 
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I INTRODUCTION 


Infestation with Onchocerca volvulus Leuckart, 1893, in associa- 
tion with the presence of simuliid flies has been reported from 
various parts of tropical Africa. ‘The earliest reference to the disease 
is that of O'Neill in 1875, quoted by Brumpt (1927), who found 
a microfilaria in the skin of six patients suffering from ‘ craw-craw ’ 
Since this report, the condition known as ‘ tropical lichenification,’ 
‘ pseudo-ichthyosis,’ ‘la gale filarienne* and (partly) ‘ craw-craw ’ 
have been ascribed to the passage of the larvae of O. volvulus in the 
skin, notably by Montpellier and Lacroix (1920). Contrary to this 
view should be quoted the observations of Brumpt (1920), who had 
seen the skin condition in parts of tropical Africa where O. volvulus 
was then unknown, of Macfie and Corson (1922), and of Corson 
(1922), who wrote: ‘ No causal relationship between the larvae 
and the conditions of “* craw-craw,”’ elephantiasis and lichenification 
was shown. .. .’ Nevertheless, it is now believed that the larvae 
of O. volvulus are responsible for these dermatoses, if not for many 
cases of elephantiasis (Ouzilleau, Laigret and Lefrou, 1921 ; Strong, 
1930 ; and others). 


*We are indebted to the Director of Medical and Sanitary Services, 
Uganda, for permission to publish this paper; to Dr. N. J. Willans, for 
histological assistance ; and to the administrative officers of the Buganda 
and Eastern Provinces, who greatly facilitated our investigations. 
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Although the disease has been known for over half a century, 
it is only in comparatively recent years that an insect has been 
suspected of being the vector. Attention was first directed to a 
simuliid fly by Dry (1922), who alluded to the possibility of a 
Simulium, subsequently determined as S. neaver Roub. (De Meillon, 
1930), being concerned in the dissemination of a disease in Kenya 
which, from his description and photographs, was undoubtedly 
onchocerciasis. It was not, however, until several years later that 
Blacklock (1926a and 19266) proved by dissection that S. damnosum 
‘Theo. was the carrier of O. volvulus in Sierra Leone. Confirmation 
of Blacklock’s researches is found in the work of Bequaert (1930), 
in Liberia, who demonstrated living embryos in the gut and thorax 
of S. damnosum, and of Hissette (1932), in the Belgian Congo, who 
found the developmental stages in S. damnosum and S. neavet. 


Il. GEOGRAPHICAL DISTRIBUTION 

Cutaneous onchocerciasis has been reported from the following 
countries : 
West Africa :— 

French Sudan, Guinea and Ivory Coast, Laigret (1929). 

French Guinea, Clapier (1917). 

Senegal, Dahomey and French Niger, Montpellier and Lacroix 
(1920). 

Liberia, Strong (1930). 

Sierra Leone, Blacklock (1926). 

Central Africa :— 

Belgian Congo, Brumpt (1903), Ouzilleau et al. (1921), Dubois 
(1916 and 1917), Rodhain (1920), Strong (1930), Blanchard and 
Laigret (1924). 

East Africa :— 

As far back as 1899, Sir Albert Cook (quoted by Manson-Bahr, 
1929) noted the presence of Onchocerca nodules in several natives 
in the Busoga district of Uganda, but in a personal communication 
he informs us that, as far as he can recollect, lichenification was 
not observed. Lichenification, however, has been reported from 
various parts of East Africa: Brumpt (1903) found it between 
the Nile and Lake Rudolf; Dry (1922) pictures and describes 
briefly the condition in the Lumbwa Reserve in Kenya; and 
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Dr. Kauntze has informed us that he has seen a typical case of licheni- 
fication in the same country. Fleming and Hennessey (1982) 
described five cases of tropical lichenification in natives of Uganda. 

In view of our findings in cases of lichenification, it is of 
interest to note that Brumpt (1927) states that the microfilaria of 
O. volvulus had never been found in the skin, except in West Africa, 
though the skin disease had been reported from the East to the 
West Coast. 


Il, OBSERVATIONS IN UGANDA 


During the past IS months, one of us (L.J.A.L.) has seen 54 
cases in the course of the routine work of the Skin Department 
of Mulago Hospital, Kampala. In the anamnesis, some of the 
patients blamed the ‘ mbwa’ fly* as causing their disease, and this 
led us to compare the distribution of the cases with that of Simulium 
and to find that they almost coincided. Indeed, many of the 
natives regard it as a disease, known as ‘ lukuku,’ peculiar to the 
districts of Kyagwe and Busoga (see map) ; these regions are for the 
greater part heavily infested with S. damnosum. 

Buwenda._-In a previous investigation, one of us (E.G.G., 
1933) studied the bionomics of S. damnosum near the source of the 
Victoria Nile, and found a dense infestation with adults of this 
species in the village of Buwenda, near Jinja, Busoga. ‘This was 
the site of our first enquiry in June, 1933, which coincided with 
a period ot high density and activity of this fly. Practically all the 
inhabitants were found to be affected by lichenification in various 
stages. At this village, 112 wild S. damnosum were caught while biting 
the inhabitants, and of these 48 were dissected ; 7 showed embryos 
in the thoracic muscles, and one of these had also 2 active nematodes 
in the head. ‘I'wenty-one persons suffering from lichenification 
were examined, biopsies were obtained from 13 ; of these, 9 were found 
to be infected. ‘lime did not permit of further investigation in this 
locality, though both patients and flies were numerous. 

Busana and Nagoje.—The country lying to the west of the 
Nile, from which our earlier cases had come to Kampala, was next 
visited ; the districts selected were Busana, Bugerere, and Nagoje, 





*In the areas inhabited by these people, this insect was found to be 
Simulium damnosum. 
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Kyagwe. Adults of S. damnosum were active at both places, but were 
more numerous at Busana. Of 33 captured off the inhabitants, 
2 were found infected in the gut among 15 dissected at Busana ; 
while at Nagoje, of 37 taken outside the village while feeding on 
two small boys apparently unaffected by the disease, among the 12 
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Map of part of Uganda showing the site of our observations. ‘The crosses (> ) 
show the place of origin of cases of onchocerciasis either seen at Kampala or studied 
on the spot, and the circles (O) indicate the actual localities where Srmulium damnosum 
was captured in the act of biting man. 


dissected none was found to be infected. ‘The disease was more 
prevalent at Busana, the cases seen at Nagoje having been summoned 
by the chief from within a radius of four miles ; + biopsies were taken 
at Busana and 5 at Nagoje, while blood-counts were carried out on 
4 other cases. For purposes of comparison, blood-slides were taken 
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from 5 prisoners in Nagoje ; these men showed no signs of the disease 
and no apparent S7mulium bites. 

Kome Island.“Vhis island (population 108) situated in Lake 
Victoria, where S. damnosum is absent though S. adersi (E.G.G., 
1934) is prevalent at certain seasons, was next visited for purposes 
of control. At the time of our visit, S. adersi was not active and no 
specimens were captured ; a dermatological survey of the population 
was made without discovering a single case of lichenification, and 
30 biopsies, examined in saline by the method described by Blacklock 
and Southwell (1931), were negative. 

TABLE I 


Showing infection of Samulium damnosum with nematodes 





Infected 
Number | Number ————-———_—__—_—_- 





Date Village | 
captured — dissected tus | Wien! Sheed Head and 
thorax 
26.6.33  Buwenda l 12+ 48 7* | 
2.7.38 Busana 33] 15 2 — | — 
3.7.33  Nagoje 37§ 12 — ee . 


*The embryos resembled some of the stages described and figured by Blacklock 
(1926a and 19265). 

{Caught while biting man in an endemic area of onchocerciasis. 

| Caught while examining patients under an open shelter. 

§Caught on two small boys (not apparently affected with onchocerciasis) near a 
stream some distance from the village. 


IV. DISCUSSION 

Clinical.—-The accurate description of Brumpt (1927) relating 
to cases of cutaneous onchocerciasis in West Africa leaves little to 
add. Our cases presented all stages of the disease, from papular 
and papulo-pustular to a generalised lichenification, in some 
individuals amounting to a true pachydermia. Once the true nature 
of the disease became apparent to us by the finding of the causative 
nematode (i.e., after the visit to Buwenda), a routine examination 
for subcutaneous nodules was undertaken ; such nodules are found 
in about one-third of our cases of lichenification, and their dissection 
reveals adult nematodes. 

In certain advanced cases, possibly owing to the prolonged 
irritation, symptoms were noted comparable with those described 
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TABLE IT 


Examination of cases 


Eosinophils : 
I Kahn 


Locality per cent. 


; test 
in blood 


JSuwenda ..... re 42 + 
50 


Busana Pe tae 32 
17 Not 
31 done 


Nagoje ms vy oo 


29 Not 


done 


24 Not done 


Notes to ‘lable II 


Larvae in 


stained 
sections 





Adult worm 
in 


sections 


Not done 


(i). In the Nagoje cases, the average eosinophilia was 37-3 per cent. ; highest 


71 per cent., lowest 21 per cent. 


In the 5 prisoners whose blood was taken for com- 


parison, the average eosinophilia was 11-4 per cent. (normal for the general population) ; 


highest 29 per cent., lowest | per cent. 


(ii). Kahn tests were taken in the first series. 


As the results were comparable 


with those for the average native inhabitants, blood was not taken for the Kahn test in 


subsequent series. 


(iii). The larvae seen in these sections, as well as others isolated later by the 
teasing method, were found to be morphologically indistinguishable from those of 


Onchocerca volvulus Leuckart. 
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by Montpellier and Lacroix (1920). No erysipeloid attacks have 
been noted, nor has our attention been drawn to ocular complications 
(Hissette, 1932). 

It is by no means certain that all cases of lichenification are due 
to the microfilariae of O. volvulus. We have seen cases, clinically 
indistinguishable from cutaneous onchocerciasis, in whom the 
thickening of the skin had apparently followed other itching 
dermatoses, such as scabies. ‘hese cases had no subcutaneous 
nodules ; they had not resided in S. damnosum-infested areas, and 
larvae were not found in repeated biopsies. It is just possible that 
the skin changes in onchocerciasis are due to long-standing attacks 
by the Szmulium, whose bite can irritate for a period of a week. 

Out of 31 cases questioned, 29 had immigrated from S. damnosum- 
free areas some years before experiencing the disease. ‘The question 
of tolerance to the larvae among the indigenous population has yet 
to be investigated ; it is noteworthy that many subjects presenting 
Onchocerca nodules have a skin intensely infested with larvae, but have 
neither symptoms nor signs of lichenification. 

Entomological.._Of the numerous species of Simulium known to 
occur in Uganda, information on their blood-sucking habits is scanty. 
In the time at our disposal it was not possible to visit regions haunted 
by species other than SS. damnosum and S. adersi.. Simulium neavet 
occurs in the Ankole and ‘loro districts, but its relationship to 
onchocerciasis in the country remains to be investigated. It is highly 
probable that further investigations into the distribution of the disease 
will be the means of incriminating other species. 

The few dissections of S. damnosum carried out are sufficient to 
indicate the danger of this small fly in an endemic area of the disease 
where as many as 14 per cent. were found infected. Control of the 
insect will be a problem for the near future ; huge tracts of extremely 
fertile country are rendered uninhabitable through the ravages of 
the fly. The lives of those who settle within the infested areas, 
owing to their inability to secure suitable land elsewhere, are made 
exceedingly miserable by the irritations of the bites from this 
tenacious pest. While cultivating, the natives cover themselves 
as much as their means allow them; banana-leaves are wrapped 
round the legs, and those on Government duty are issued with 


pantaloons. It has been suggested in a previous paper by one of 
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us (E.G.G., 1934) that trapping may be found to be a practicable 
method of reducing its prevalence and rendering these districts 
habitable ; a study of the breeding habits of this species (E.G.G., 
1933) has proved the futility of attempting to attack the fly in its 
early stages. 
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PRELIMINARY NOTE ON A FOCUS OF 
S. MANSONI INFECTION IN 
SIERRA LEONE 


BY 


H. PEASTON, M.B., Ch.B., D.T.M. 
(Received for publication 5 October, 1933) 


For several years, occasional cases of infection with Sc/istosoma 
mansoni have been recorded from various parts of Sierra Leone, but 
the source of these cases was not traceable and no focus of infection 
has yet been recorded. 

During his investigation into the prevalence and transmission of 
human schistosomiasis in Sierra Leone, Blacklock (1924) visited 
Kabala in the Northern Province of the Protectorate in February, 
1924, but he does not record the presence of cases nor of any snail 
there ; Connolly (1928), in ‘ The Non-Marine Mollusca of Sierra 
Leone,’ has no record for Kabala. Blacklock and ‘Thompson (1924) 
remark on the ‘ rarity of snails of the genus P/anorbis and the absence 
of Intestinal Schistosomiasis.’ Blacklock (1930), in his ‘ Report on a 
Survey of Human Diseases in the Protectorate of Sierra Leone,’ says : 
‘It would be of great interest to know the source, or sources, of 
infection, of the occasional cases harbouring S. mansoni which we 
have encountered in Sierra Leone ; at present it may be said that 
this question is still unanswered ; there is, however, no evidence 
that infection with S. mansoni is either common or constitutes a 
problem here.’ 

During 1930, two cases of S. mansoni infection were discovered 
by the writer in Kabala ; in 1931, two other cases were found ; one 
of the 1930 cases and one of the 1931 cases were residents of Kabala. 
On the writer’s return from leave in the early part of 1932, four more 
cases were seen within a few weeks, a fact which led to the suspicion 
that the disease was increasing. 

Cases continued to occur, and during the year 1932 28 were 
seen, followed by 9 further cases in 1933 up to the beginning of 
June, when the writer left for leave ; the last case was seen at the 
end of March. Of these 37 cases, 33 were residents of Kabala, one 
had been living there for nine months, and two others were known 
to be visitors who had been living in Kabala for eight or nine weeks ; 

497 











498 


one case was stated to have come from a town to the north. ‘The 
case histories proved beyond doubt that the disease was being 
propagated in Kabala. 

‘The age and sex distribution of the 1932 and 1933 cases are 


set out below. 





Male Iemale 
Age 1932 1933 1932 1933 
0-10 years ae 6 ] 3 ye 
120 . ies | _ 2? 2: 
21-30 fe 4 2 
31-40 2 4 Ye 
11-50 za ] 
1-60 | - = 
"Votals 14 | 14 8 


On April 5th, 1932, the Kabala stream was visited and large 
numbers of a species of Lymnaea and also of a species of Planorbis 
were discovered. Later on in the investigation a few specimens of 
a species of Bulinus were collected. Snail dissections were carried 
out, and those of the Planorbis species were found to contain cercariae 
of a morphology similar to that of human schistosome cercariae. 

The banks and bottom of the stream were cleaned for a con- 
siderable length. Subsequently, recommendations based on those 
made by Blacklock (1924) in the case of the village of Kaiyima were 
submitted, with the aim of dealing more thoroughly with the 
situation. 

In February, 1933, Professor Gordon, of the Liverpool School 
Research Laboratory, in Freetown, came to Kabala. It was interesting 
to find that by this date there had been a big reduction in the number 
of Lymnaea and Planorbis, due, I believe, to some extent at least, to 
the first cleaning of the stream. In April, 1933, a serious effort was 
made to put into effect the sanitary recommendations, and at the 
time of leaving Kabala they had been to a great extent carried out ; 
it will be of interest to observe and record the effect. 


As has already been mentioned, three species of snail have been 
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found in the Kabala stream. Major Connolly has identitied two of 
them as Lymnaea elmeteitensis Smith and Bulinus forskali (Ehrn.), and 
the other as a Planorbis. It is not proposed here to go into any 
discussion regarding its name, as this will be done later, when, it is 
hoped, its anatomy will have been examined and compared with that 
of P. pfeifferi Krs. It is worthy of record that this same snail was 
found at Sonkonia, 20 miles north-east of Kabala. 

‘The previous rarity of recorded cases of S. manscxi infection in 
Sierra Leone, the lack of any records of the presence of the usual 
snail vector at Kabala and the absence of any known focus of infection 
in Sierra Leone suggested the possibility that the infection at this 
village was of recent importation. 

It is the intention of Professor Gordon, Dr. Davey and myself 
to publish a fuller account of this work later, giving further details 
and the results of animal experiments. ‘This preliminary note 
serves to record the following points : 

(1) ‘he discovery of a focus of S. mansoni infection at Kabala, 
Northern Province, Sierra Leone. 

(2) The finding in the stream there of the three species of snail 
enumerated above, including a species of Planorbis. 

(3) ‘he occurrence in the Planorbis of what appeared to be a 
human type of cercaria. 

(4) ‘The initial measures adopted in an attempt to deal with the 
outbreak. 

Due acknowledgments will be made in the later paper, but | 
wish here to thank Professor Blacklock for his kindly interest and 
advice. 
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STUDIES ON THE HIGHER DIPTERA OF 
MEDICAL AND VETERINARY 
IMPORTANCE 


A REVISION OF THE ‘TRIBE MUSCINI, SUB- 
FAMILY MUSCINAE, BASED ON A COMPARATIVE 
STUDY OF THE MALE TERMINALIA 


Il. THE GENUS STOMOXYS GEOFFROY (sens. lat.) 
BY 
W. S. PATTON 
(Department of Entomology, Liverpool School of Tropical Medicine) 
(Received for publication 24 October, 1933) 
INTRODUCTION 


The blood-sucking members of the family Muscidae belong 
to the subfamily Muscinae, tribe Muscini, and the genera Musca, 
Stomoxys and Glossina. ‘Vhe genus Musca has been dealt with in 
two earlier papers (1932, 1933), in which it was shown (1) that the 
species fall naturally into three groups on the characters of the male 
terminalia ; (2) that the blood-sucking habit, and with it the structure 
of the tearing apparatus, has evolved separately in each group ; and 
(3) that the viviparous habit has become established in two of the 
groups. ‘lhe species of the world are now being revised in a series 
of papers in this journal. 

In the present paper is recorded a similar comparative study of 
the male terminalia of Stomoxys (sens. lat.), the objects of which are 
(1) to discover the true affinities and relationships of the species not 
only to each other but to allied genera; (2) to fix the identities of 
the species ; (3) to examine the status of the numerous genera erected 
in this group ; and lastly (4), to give a revised definition of the genus 
and to publish regional guides to the species of practical importance 
to medical and veterinary officers and to medical entomologists. 
‘he work had not progressed very far when it was realised that, owing 
to the extremely close similarity in the structure of the parts through- 
out the genus, a large number of microscopic preparations of the 
male terminalia, antennae, palps, proboscis and larval structures of 
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as Many species of as many genera as possible would have to be made, 
compared and illustrated before any conclusions could be drawn ; 
this has now been done. 

MATERIAL ON WHICH THIS STuDY Is BASED. ‘This study is based 
on the examination of the following material :—I. ApuLTs. (a) My 
private collection, got together during the last 25 years and containing 
most of the world’s species ; it is specially rich in species from the 
Oriental region and from China, and contains bred series and larvae. 
(5) Study of other collections, such as that of the Indian Museum, 
those of museums in Copenhagen, Kiel, Stockholm, Berlin, Budapest, 
Vienna, Paris, that of the ‘Tropical School, Liverpool, and that in the 
Natural History Museum, London, which last I have now studied 
three times. (c) Study of the late Professor Bezzi’s collection, 
especially his type material, many specimens from which he gave 
me; valuable notes were made in conversation with the late Professor 
Bezzi, who had a very intimate knowledge of the species. (d) Study 
of the type or types of Austen, Bezzi, Bigot, Brunetti, Enderlein, 
Griinberg, Macquart, Malloch, Newstead, Speiser and Villeneuve. 
Professor Roubaud very kindly compared specimens sent to him 
which I considered were conspecific with bengalensis Picard and 
indica Picard with Picard’s types, and confirmed the correctness of 
my identifications. Dr. J. Capra also kindly compared a specimen 
sent him with the type of s¢tiens Rondani, at the Museo Civico di 
Storia Naturale, Genoa, and his notes have been most helpful in 
settling the identity of Rondani’s species. (e) Study of some recent 
collections kindly presented or lent for study by the following gentle- 
men :—(1) Dr. Green and Mr. E. P. Hodgkin, from many localities 
in Kuala Lumpur. ‘This large and most valuable collection has 
enabled me to settle finally the identities of the species bengalensis 
Picard, indica Picard, pratti Summers and ob/ongopunctata Brunetti. 
(2) Mr. G. B. Purvis, F.R.C.V.S., from Alor Star, Malaya. (3) Mr. 
Gibbins, from Uganda. (4) Mr. A. Cuthbertson, from Southern 
Rhodesia ; this collection contained specimens of uniseriatus Malloch, 
a species which I have long known. (5) Mr. Carter, from Ceylon. 
(6) Dr. Adams, from Le Reduit, Mauritius ; this collection contained 
many fresh specimens of migra Macquart. (7) Professor Cesar Pinto, 
for specimens of /utz¢ Pinto & Fonseca from Brazil. (8) Professor 
Roubaud, for specimens from the type material of his Ethiopian 
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species. (9) Mr. Munro, for specimens of uniseriatus Malloch from 
South Africa. (10) Dr. P. A. Buxton, for the loan of specimens 
named by Summers in the collection of the London School of Hygiene. 
(11) Mr. W. H. Potts, for a large collection from ‘Tanganyika, which 
besides containing long series of such species as calcitrans, nigra, 
taentata, boueti and brunnipes also contains adults of sanguinarta, 
woosnamt, squalida (lutosa), uniseriatus and specimens of a new species 
which I have long had in my collection. (12) Dr. Giinther Enderlein, 
for the loan of the types of his Azrudo and equina and microscopic 
preparations of the j terminalia of the latter. I would like to take 
this opportunity of thanking these gentlemen for this material, 
without which this study would have been incomplete. II. Mucro- 
scOPIC MOUNTS OF THE MALE 'TERMINALIA, ANTENNAE, PALPS AND 
PROBOSCIS. 
palps and proboscis of the species of the following genera have been 


Microscopic mounts of the male terminalia, antennae, 


made, compared and illustrated ; wherever possible the terminalia of 
at least two specimens of each species have been studied, and in many 
cases as many as 25. 


Genus Stomoxys Geoffroy (sens. Genus Haematobia St. Farh. & 


rest.). 
bengalensis Picard 
boueti Roubaud 
boveri Roubaud 
brunnipes Grinberg 
calcitrans L. 
dubitalis Malloch 
indica Picard 
nigra Macquart 
omega Newstead 
pallida Roubaud 
rhodanica Roubaud 
sexvittata Roubaud 
taeniata Bigot 


Genus Stygeromyia Austen. 
maculosa Austen 

pottsi sp.nov. (to be described later) 
sanguinaria Austen 


Genus Haematobosea Bezzi. 
perturbans Bezzi 
untseriatus Malloch 


Serv. 
chinensis sp.nov. (to be described 
later) 
sanguinolentus Austen 
sanguisugens Austen 
squalida Griinberg 
stimulans Meigen 


Genus Lyperosia Rondani. 
exigua de Meijere 

irritans L.. 

minuta Bezzi 

punctigera Austen 

titillans Bezzi 

thirouxt Roubaud 


Genus Neivamyia Pinto & Fonseca 
lutzi Pinto & Fonseca 


Genus Haphospatha Enderlein 
equina Enderlein 


It will be seen from this list that I have studied the male 
terminalia of 31 (out of the possible 50) known species, and of seven 
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genera and four subgenera as recognised by Malloch (1932) a 


follows :— 


Tribe Stomoxyidini Malloch. 


Genus Stomoxy's Geoffroy (sens. rest.) 
, Bruceomyia Malloch 
,  Neivamyia Pinto & Fonseca 


Tribe Haematobiini Malloch. 


Genus Stygeromyia Austen... ue - ns Sy 
, Bdellolarynx Austen, subgenus Bdellolarynx Austen 
Lyperosiops 'Townsend 


” 


,  Haematobosca Bezzi : - - se oa 
Haematobia F.& S., subgenus Haematobia F.& 5... 
Glossinella Griinberg 


” 


” ” 


13 species 
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Fic. 1. Male terminalia of calcitrans. Vs., VIs.—Fifth, sixth sterna; Vispr., 


Vilspr.—Sixth, seventh spiracles; VIt., VIIt.—Sixth, seventh terga ; 


tergum ; 2.-—Anal cerci ; 3.—Proximal segment of ninth coxite ; 3a.—Distal segment 
of same; a.o.—Anal opening; a.p.—Anterior paramere ; /.s.—Horned sclerite ; 


p.-—Phallosome ; p.p.—Posterior paramere. 
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SHORT DESCRIPTION OF THE MALE TERMINALIA 
OF STOMOXYS CALCITRANS 


The male terminalia of Stomoxys (sens. lat.), as exemplified by 
those of calcitrans, are built on the same plan as those of Vusca. 
‘There are ten abdominal segments, seven of which bear spiracles as 
in A/usca, so that it is not necessary here either to describe or to 
depict them ; the eighth segment is wanting. I would again empha- 
size the importance of locating the spiracles and the anal opening as 
the only certain means of understanding the segmentation of the 
abdomen and the homologies of the parts. ‘The terminalia as seen 
from the ventral side are illustrated in fig. 1 ; they are drawn from a 
specimen dissected off and mounted without compression. As the 
ninth tergo-sternum in the specimen is lying behind the anal cerci 
it is not illustrated, in order to avoid complicating the drawing. As 
in Musca, the sixth tergum is a short, rather narrow arched plate, 
concealed under the posterior edge of the fifth. ‘The seventh is 
similar, but wider, and is also slightly asymmetrical, the left side 
being more strongly developed and articulating with the sixth sternum. 
‘lhe sixth sternum is also asymmetrical, and is a bent rod-like sclerite, 
extending forwards and inwards to end just internal to the right 
process of the fifth sternum. Close to its articulation with the 
seventh tergum it has a plate-like expansion directed downwards and 
slightly inwards. At its inner end it is attached to the arthrodial 
membrane at the distal end of the fifth sternum ; this has two strongly 
chitinised areas which vary in shape and extent in the different species 
but are present in all so far examined. 

The ninth segment consists of the so-called tergo-sternum which 
bears the phallosome and parameres. ‘The tenth or anal segment is 
represented by its tergum, an arched plate directed posteriorly, 
forming the rounded apex of the abdomen. It is incised postero- 
ventrally by a large oval incision extending well back so that the 
postero-dorsal part is much reduced in width. ‘The incision is closed 
by a stout membrane which is attached along its margins. Extending 
antero-posteriorly almost the whole length of the membrane there is 
a narrow slit, the anal opening (fig. 1, a@.o.) directed ventrally ; 
anteriorly the incision is closed by the anal cerci (2 in fig. 1). On each 
side anteriorly the tergum consists of a deep plate, the upper and 
lower margins of which form a short process directed inwards, and 
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Fic. 2. Dissection, showing tenth tergum, ninth tergo-sternum and ninth 
coxites of calcitrans, drawn apart ; the anal cerci have been removed. 1.—Tenth tergum ; 
3.—Proximal segment of ninth coxite ; 3a.—Distal segment of same; 4.—Ninth 
tergo-sternum ; 4a.—posterior process of same. 


articulating in a notch in the side of the ninth tergo-sternum (fig. 2). 
‘The tenth sternum either is wanting or is represented by the mem- 
brane dividing the space enclosed by the tergum, and so separating 
the alimentary tract from the genital atrium. ‘This membrane is 
attached to the back of the phallosome and the processes of the ninth 
tergo-sternum. 

ANAL CerRcI, 2 in fig. 1; Fig. 3,a—The anal cerci are 
attached to the anterior end of the tenth tergum, as in Musca, and 
close the incision. In Stomoxys they are fused in the middle line, 
and cannot, therefore, be separated without being torn apart; in 
Musca, on the other hand, they are lightly attached to each other by 
a slip of chitin, and can readily be separated. Each cercus is a short 
wing-like plate, the apex of which is directed posteriorly and 1s convex 
externally and concave internally. ‘The free margin is reinforced by 
an infolding or thickening of the chitin which extends round to the 
point of articulation with the proximal segment of the ninth coxite. 
‘The outer end of the free margin of each is rounded in calcitrans and 
its close allies, the inner end is fused with that of its fellow, so that the 
two form a rounded median projection (2 in fig. 1); between the 
two ends the free margin is slightly incised. Postero-laterally about 
half the length of the cercus, the chitinous infolding on the inner 
side forms a projection which articulates against the lower margin of 
the proximal segment of the ninth coxite. Posteriorly each cercus 
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Fic. 3. a.—Anal cerci of calcitrans ; note how the inner ends are completely 
fused ; b.—same of stimu/ans ; note how inner ends are separated by incision, and 
then appear as nipples ; c.—same of maculosa ; note incision and nipple-like inner 
ends ; d.—same of irritans ; note the deep notch and nipple-like inner ends. 


narrows to a blunt point (the apex or tip of the wing), which is 
attached to the membrane. ‘The inner margin, as well as the outer 
surface, is well supplied with strong bristles and hairs. NINTH 
CoxiTE. 3, 3a in figs. 1,2; fig. 4, d. In the space between the outer 
edge of each cercus and the anterior extension of the tenth tergum, 
there is located in the membrane the narrow, hairy distal segment of 
the ninth coxite (3a); it is attached to the side of the cercus by 
membrane. Anteriorly it articulates with the side of the proximal 
segment, and posteriorly it is fused with the lateral chitinous extension 
from the lower margin of the anterior end of the tenth tergum. 
The proximal segment (3 in figs. 1, 2) is shaped like the human hand 
with the fingers closed together, and, like that of Musca, is convex 
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externally and concave internally ; each lies antero-posteriorly just 
internal to the anterior part of the tenth tergum. ‘The distal or free 
end of each is directed inwards towards the middle line, and ends in 
a hook-like blunt point. ‘The proximal end narrows to a strong rod 
directed slightly inwards, and is attached to the posterior surface of 
the end of the postero-lateral process of the ninth tergo-sternum ; 
this attachment allows of a wide range of movement (fig. 5, c). ‘The 
ventro-lateral margin is expanded and consists of lighter chitin. ‘The 
inner surface is supplied with a few strong stiff hairs, the outer with 
small sensory spines. As in Musca, each consists of two plates of 
chitin fused together ; they form admirable claspers for grasping the 


end of the oVipositor, 





lic. 4. a.—Proximal segment of ninth coxite of irritans ; b.—same of maculosa ; 
c.—same of stimulans ; d.—Proximal and distal segments of same of calcitrans. 


NINTH 'TERGO-STERNUM. Fig. 5,c. ‘The ninth tergo-sternum is 
a strongly arched, somewhat V-shaped plate, its convex surface 
directed downwards and slightly forwards in the resting position. 
Its outer margins are formed of strong chitinous rods which, meeting 
dosally, end in a stout blunt point ; they curve behind towards the 
middle line, ending freely near each other ; the proximal ségment of 
each ninth coxite is attached to the posterior process of the ninth 
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tergo-sternum of its side, as shown in figs. 2,5,c. At the lower (broad) 
end, the chitin is raised on each side of the middle line where each 
paramere is attached, the phallosome resting between them. ‘The 
membrane forming the pocket for the phallosome (when folded in 
the position of rest) is, as in all these muscids, attached along the apex 
and sides of the ninth tergo-sternum on the one hand, and along 
the ends of the fifth and sixth sterna on the other. ‘lhe shape of 
the tergo-sternum varies in the different species. 





Fic. 5. a.—Ninth tergo-sternum of maculosa; note the wide postero-lateral 
processes ; b.—same of stimulans ; c.—same of calcitrans ; also showing attachment 
of proximal segment of ninth coxite ; d.—same of irritans. 





PHALLOSOME. Tig. 6, a. ‘he phallosome is partly chitinous 
and partly membraneous. ‘lhe proximal chitinous part is a short 
tube consisting of two plates folded round and united posteriorly in 
the middle line; postero-laterally each has a strong projecting 
chitinous process on which each half of the paramere rests (‘ branche 
latérale du pénis’” of Dinulescu). ‘The proximal chitinous tube is 
attached posteriorly to the distal chitinous portion by chitin, and 
anteriorly by membrane, as is well seen in fig. 6, a. ‘The distal 
chitinous part is shaped like a funnel, the anterior wall being longer 
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than the posterior, the two folded round forming the tube and 
attached to each other posteriorly. ‘The membraneous part is relatively 
short and is attached to the wide end of the funnel ; the ejaculatory 
duct opens on it. Attached to the free end of the anterior wall of the 
distal chitinous tube, and at right angles to it, there is a broad, deeply 
pigmented sclerite, each side of which is produced into a strong 
spine-like process ; there is sometimes a second smaller spine above 
the larger one in calcitrans, and in other species it is always present. 
This sclerite of the phallosome is extremely characteristic of all the 
species of the genus Stomoxys (sens. lat.), and so far I have not seen 
it on the phallosome of the species of any other genus. Its appearance 
is well seen in fig. 6, d. It will be referred to as the horned sclerite. 
‘lhe phallosome of the 31 species so far examined only differs in 
minute details and in all the posterior process is wanting. ‘The 
apodeme of the phallosome when viewed from the front is seen to 
consist of a Y-shaped sclerite, the two arms of the Y consisting of 
strongly chitinised rods united by lighter chitin, which extends 
upwards between the two anterior parts of the paramere, and is 
united by membrane to the bar joining them ; at the distal ends the 
rod-like arms unite to form a short bluntly-pointed rod. All these 
details are well seen in the various drawings in fig. 6. 

PARAMERE. Fig. 6, a, 6, d, f, g. Each paramere consists of two 
distinct parts joined only by membrane to each other and to the side 
of the phallosome. ‘The antero-basal part of the posterior, and the 
postero-basal part of the anterior, portion each rests against the 
projecting process on the lower tubular part; this is well seen in 
fig. 6, e. ‘he anterior part of the paramere is an upstanding process 
formed, as in Musca, of a folded sclerite, and is, therefore, hollow. 
Its appearance varies according to the position from which it is 
viewed (fig. 6, 5, f, h). ‘The upper surface is somewhat flat and is 
joined to its fellow anteriorly by a short chitinous bar (fig. 6, /). In 
calcitrans it is armed with one rather long and_ 1-3 short 
bristles on its postero-lateral face. It varies slightly in size and shape 
in the different species. ‘he posterior portion of the paramere is 
also a hollow raised process, broad when seen from the side, and 
always narrowing distally, the end bluntly pointed, bent forwards, 
and in calcitrans and its near allies always without any tuft of hairs ; 
in calcitrans and its near allies it commonly has a shoulder on it near the 
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Fic. 6. a.—Phallosome and paramere of caleitrans (Liverpool) ; 6.—Right 
anterior paramere of same (Ceylon); c.—Right posterior of same (Liverpool) ; 
d.—Front view of horned sclerite of same ; e.—Posterior view of phallosome and 
parameres of same (Liverpool) ; f/.—Right anterior paramere of same (Liverpool) ; 
y.—-Right posterior paramere of same (Ceylon) ; /.—-Phallosome and parameres from 
front of same (Liverpool). 


distal end. It is always armed with 1-4 (sometimes 6) short 
sensory (7) spines. ‘he illustrations of the two parts of the paramere 
in fig. 6 explain their shape, etc., better than words can do. 

STERNA. Fig. 7, d. The first sternum is broadly half-moon- 
shaped and has blunt ends. ‘The second is closely attached to it, and 
is shield-shaped ; it has two narrow anterior processes joined by a 
delicate bar, which usually lies behind the posterior end of the first 
sternum. ‘The third is narrowly elongated and has a short, dark 
chitinous anterior prolongation. ‘lhe fourth is very similar, but 
usually longer and narrower. ‘The fifth (fig. 7, d) is elongated and, 
excluding the posterior processes, is about as long as broad. It has 
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igs 7. a.—Fifth sternum of maculosa (Bengal) ; 6.—Fifth sternum of stimulans 
(England); ¢.—Fifth sternum of irritans (Italy) and posterior processes, enlarged ; 
d.— Vifth sternum of calcitrans (Liverpool), drawn to same scale. 


a small, dark rod-like chitinous process at the middle of the posterior 
end. ‘The posterior processes are fairly long and broad, and are as a 
rule minutely serrated (only seen under a high magnification). 


PREVIOUS DESCRIPTIONS OF THE MALE TERMINALIA 
OF STOMOXYS (SENS. LAT.) 


There are two recent descriptions of the male terminalia of 
Stomoxys (sens. lat.), one by Dinulescu (1930) of those of calcitrans, 
the other by Cesar Pinto (1932) of those of calcitrans, nigra and Lutz. 
Vhe former author evidently overlooked Awati’s paper (1916), and, 
failing to recognise the importance of locating the spiracles and the 
anal opening as the only certain guides to the segmentation of the 
abdomen and the homologies of the parts, has, as a result, given 
erroneous names to them ; it is necessary to correct these. Dinulescu’s 
cighth tergum is the tenth, his ‘ lamelle génitale ’ is the fused anal 
cerci, his ‘ forceps externes’ is the proximal segment of the ninth 
coxite, his ‘ sternite génitale ’ is the ninth tergo-sternum, his ‘ premiere 
et deuxieme branche du sternite génitale ’ together form the postero- 
lateral process of each side of the ninth tergo-sternum ; there seems 
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hig. S$. a.——Posterior spiracles of stomulans (England) ; b.—Same of calettrans 
(England) ; ¢.—Cephalopharyngeal skeleton of third larva of calcitrans, also enlarged 
oral hooks and anterior spiracle ; spiracles drawn to same scale. 


to be some confusion here, for the ninth tergo-sternum has only one 
process on each side, as shown in the illustrations (figs. 2, 5). Dinu- 
lescu’s ‘forceps internes inférieurs’ is the anterior part of the paramere, 
and his ‘ forceps internes supérieurs,’ the posterior portion of the 
same ; and lastly his ‘ plaque prégénitale ’ is the fifth sternum. 
LARVAL CHARACTERS IN STOMOXYsS (sens. lat.). I have studied 
the breeding habits and the larvae of many species of this genus, and 
from observations made in the field, as well as from dissections, | 
believe it can safely be concluded that all the species are oviparous 
in habit. As the eggs are always laid singly, a few at a time, and are 
scattered in the larval foodstuff, the larvae are, as a rule, difficult to 
find, even in localities where the adults may be numerous. ‘THIRD 
LARVA. CEPHALOPHARYGEAL SKELETON. ‘The third larva is struc- 
turally similar to that of Musca, but the anterior end is much more 
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Fic. %. a.—Posterior spiracles of third larva of exigua (China) ; 5.—Same of 
chinensis ; ¢.—Same of sanguisugens (Kasauli, India) ; drawn to same scale. 


attenuated. ‘he cephalopharyngeal skeleton of the third larva of 
Stomoxys calcitrans is illustrated in fig. 8, c. ‘The most important 
differences between it and that of the third larva of Musca are as 
follows :—-1. The small size of the left oral hook, which is much 
smaller than that of the third larva of Musca. 2. ‘The longer, and more 
boat-shaped, hypostomal sclerite. 3. ‘The longer pharyngeal sclerite, 
especially the cornua—the ventral one without the hump which is 
present in the third larva of Musca. POSTERIOR SpIRACLES. ‘lhe 
posterior spiracles of species of the stmulans, irritans and calcitrans 
groups are illustrated in figs. 8,9; I have not yet had an opportunity 
of studying the posterior spiracles of the larva of any species of the 
maculosa group. On comparing these illustrations it will be noted 
that except for minor differences they are built on the same plan. In 
the calcitrans group the plates are usually relatively small and widely 
separated ; in most of the species of the stzmulans group they are 
also widely separated (but not so much as in calcitrans), whereas in 
the zrritans group they are closer together. ‘The plates in all are more 
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or less D-shaped, tending to become rounded ; the three breathing 
slits are sinuous, long (longest in the irritans and shortest in the 
calcitrans group), narrow, and arranged as shown in the illustrations ; 
the button is central in position. ‘There are seldom more than 95-7 
finger-like processes on the anterior spiracle. ‘The puparium ts 


always dark brown. 


THE NATURAL CROUPING AND RELATIONSHIPS 
OF THE SPECIES 


‘The comparative study of the male terminalia of 31 (out of a 
possible 50) species of Stomoxys (sens. lat.) has revealed the fact 
that they fall naturally into four groups, which I propose naming the 
stimulans, irritans, maculosa and calcitrans groups, respectively, using 
the name of the oldest species in each, as I have already done in the 
groups of Musca. In order to understand this grouping and the 
relationships of the species to each other, it will only be necessary 
here to note in what respects the parts of the male terminalia of the 
tvpe of each group differs from those of the other three ; there is no 
necessity to describe the male terminalia of stimulans, maculosa and 
irritans in detail. ‘lhe important differences, on which the groups 
and relationships are based, are to be found to some extent in the 
structure of the phallosome, mainly, however, on that of the paramere, 
and especially its posterior portion, the structure of the anal cerci, 
that of the proximal segment of the ninth coxite, that of the ninth 
tergo-sternum, and to a less extent on that of the fifth sternum. 

I. STIMULANS Group. Fig. 10. ‘The phallosome, paramere and 
parts of these of stimulans Meigen, the type of the group, are illustrated 
in fig. 10. ‘lhe anal cerci are illustrated in fig. 3, 6, the proximal 
segment of the ninth coxite in fig. 4, c, and the ninth tergo-sternum 
in fig. 5, 6. ‘he following differences in the above structures are 
characteristic of all the species of this group so far examined : 
1. PHALLOSOME, PARAMERE. Fig. 10, a. ‘here is very little difference 
between the structure of the phallosome and that of the anterior part 
of the paramere of this species and that of those of the types of the 
other three groups ; what differences there are will be noted under 
each. ‘lhe posterior part of the paramere is, however, in the majority 
of the species narrower than that of calcitrans and its allies, the distal 
narrow portion is usually long and bent, and the end is always armed 
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Fig. 10. a.—Phallosome and one paramere of stimulans ; b.—Ninth tergo- 
sternum of same ; c.—End of posterior paramere of same, showing group of micro- 
scopic hairs ; d.—Front view of horned sclerite of same ; e.—Left posterior paramere 
of same, showing spines and microscopic hairs at end ; f.—Left anterior paramere 
of same ; g.—Ends of postero-lateral processes of fifth sternum of same ; /.—Another 
view of end of posterior paramere, showing microscopic hairs ; 1.—Fifth sternum of 
same. 





with a group (fringe) of delicate microscopic hairs, the number and 
arrangement of which varies in the different species ; this is the most 
important group character. 2. ANAL Cercl. Fig. 3, 6. Although 
the anal cerci are fused along the middle line, the junction being 
indicated by a dark median line of varying length, the free margin of 
the inner end of each cercus is not fused with that of its fellow, there 
being an incision of varying depth (depending on the species) 
separating the inner ends, which may then project slightly as nipples. 
3. PROXIMAL SEGMENT OF THE NINTH CoxiTeE. Fig. 4, c. ‘The 
proximal segment of the ninth coxite is large, the distal end is broadly 
rounded, and the anterior edge has a raised, rounded, more distal 
part, as shown in the illustration, 4+. NINTH ‘lERGO-STERNUM. 





O17 


Fig. 5, 6. ‘The ninth tergo-sternum is V-shaped and, as in Musca, 
consists of a single sclerite ; it lies in the middle line, almost in the 
vertical position. ‘lhe arms of the V consist of strong chitinous rods, 
which meet dorsally and end in a stout blunt point ; each postero- 
lateral process is a stout, broad, bluntly-pointed bar bending round 
well behind the tergum towards its fellow of the opposite side. 
5. FirrH STERNUM. Fig. 7, 6. ‘he fifth sternum is usually heart- 
shaped and varies in size according to the species ; the posterior end 
is usually bluntly pointed, and the antero-lateral processes are rather 
long, not markedly narrow, bluntly pointed, and as a rule unserrated. 
‘The following twelve species, the male terminalia of which have so 
far been examined, belong to this group : 


chinensis sp.nov. sanguisugens Austen 
equina Enderlein squalida Griinberg 
lutzi Pinto & Fonseca stimulans Meigen 
perturbans Bezzi thirouxi Roubaud 
punctigera Austen titillans Bezzi 
sanguinolentus Austen uniseriatus Malloch 


In the case of stimulans, sanguisugens, chinensis, squalida, per- 
turbans, uniseriatus, equina, titillans and thirouxi, the palps are dilated 
and are about as long as the proboscis ; in the resting position they 
lie closely applied to its upper surface (fig. 15). In /utz¢ and punctigera, 
the palps are also about as long as the proboscis, but are of uniform 
diameter throughout (fig. 13, 6, e). In the case of stimulans, sanguisu- 
gens, sanguinolentus, chinensis, squalida and lutzi, both surfaces of the 
arista are armed with spinulae, the lower usually having at least three 
hairs, and in some of the species more than three. In perturbans and 
uniseriatus, both surfaces of the arista are also haired, the lower 
usually having only two hairs, but there may be three. In punctigera, 
both surfaces are usually haired ; the lower may only have one hair, 
sometimes two, and may even be bare. In titillans, equina and 
thirouxi, the arista has spinulae only on the upper surface, the lower 
always being bare. After comparing the terminalia of ttillans with 
that of eguina, 1 am inclined to the view that they are identical. 
I believe that the following nine species will be found to have micro- 
scopic hairs at the end of the posterior part of the paramere, and will, 
therefore, belong to this group :— 


atrifrons Malloch latirostris Enderlein 
atripalpis Bezzi potrix Enderlein 
hirudo Enderlein praedatrix Enderlein 
hirtifrons Malloch shillingst Grinberg 


spinigera Malloch 
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I hope shortly to describe chinensis, a new species discovered in 1926 
at ‘l’sinan, Shantung, North China. 





Fic. 11. a@.—Phallosome and one paramere of irritans (England) ;_ b.—Posterior 
view of anterior paramere of same (Italy, Bezzi material) ; c.—-Left posterior paramere 
of same (Italy, Bezzi material) ; d.—Right anterior paramere of same (England) ; 
e.—Left anterior paramere of same (Italy, Bezzi material) ; f—Right posterior 
paramere of same (England). 

II. IrriraNs Group. Fig. 11. ‘The phallosome and paramere 
and parts of these of irritans, the type of this group, are illustrated in 
fig. 11. ‘The anal cerci are illustrated in fig. 3, d; the proximal 
segment of the ninth coxite in fig. 4, a; and the ninth tergo-sternum 
in fig.5,d. 1. PHALLOSOME, PARAMERE. Fig. 11, a. ‘The phallosome 
is, for the size of this species, rather Jong, especially the proximal 
chitinous tubular part; the distal chitinous portion is long and 
narrow, and is like that of maculosa (fig. 12, a). ‘The horned sclerite 
often has an additional spine or process on each side. ‘The anterior 
part of the paramere is long, narrowed in the middle, and the distal 
end is somewhat flattened ; it has in this species a rather long narrow 


posterior extension, Which is also present in the two other species. 
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‘The posterior part of the paramere is long and in side view appears 
to be narrower in its distal half, but when seen from in front or 
behind it appears to be of almost uniform diameter throughout. 
The distal end is slightly expanded and is usually more membraneous ; 
the distal end is never armed with microscopic hairs, but has the usual 
sensory spines. 2. ANAL Cercr. Fig. 38, d. ‘Vhe anal cerci are 
fused, the junction being of less dense, rather membraneous chitin, 
so that the two can easily be torn apart. In irritans and exigua, the 
inner ends are free, projecting as nipples, and are separated by a deep 
notch ; in minuta there is no such notch. ‘There is a marked incision 
between the two ends of each cercus, so that the outer ends also 
project as broad nipples, as do those of the species of the maculosa 
group (fig. 3, ¢.). 3. PROXIMAL SEGMENT OF THE NINTH COXITE. 
Fig. 4, a. ‘The proximal segment of the ninth coxite is long and 
narrow, and is very characteristic of the species of this group. ‘The 
distal end is broadly rounded, and there is a long process bent hook- 
like on the anterior border near the base, evidently homologous with 
the similar but smaller process on the same segment of stzmulans and 
maculosa ; it is separated from the distal rounded part by a deep 
incision ;_ the process is somewhat similar in exrgua, but is much 
shorter in minuta. 4. NINTH ‘TERGO-STERNUM. Fig. 5, d. The 
ninth tergo-sternum is relatively small, but is very similar to that of 
stimulans. 5. FIFTH STERNUM. Fig. 7, c. The fifth sternum is 
rather small, almost as long as wide, the postero-lateral processes 
long, broad, bluntly-pointed and unserrated. At present I know of 
only three species which belong to this group, as follows :— 


exigua de Meijere 
irritans L.. 
minuta Bezzi 


Exigua is the well-known bovine pest and, in view of its very 
wide distribution in the Oriental and Australasian regions, in China 
as far north as Peking, and in Iraq, and as it is a variable species, I 
have compared the male terminalia of specimens from many localities 
in these regions, and find that they are all identical. ‘his species, 
then, in addition to being found throughout the Oriental and Austra- 
lasian regions, is widely distributed in the Palaearctic region. 

III. Macurosa Group. Fig. 12. ‘The phallosome, paramere 
and parts of these of maculosa Austen, the type of the group, are 
illustrated in fig. 12. The anal cerci are illustrated in fig. 3, c, the 











Fic. 12. a.—Phallosome and paramere of maculosa (Bengal) ; 6.—Posterior 
view of anterior paramere of same (Madras) ; c.—Left posterior paramere of same 


(Madras). 


proximal segment of the ninth coxite in fig. 4, b, and the ninth tergo- 
sternum in fig. 5, a. 1. PHALLOSOME, PARAMERE. Fig. 12, a. The 
phallosome (especially its horned sclerite) is larger than that of either 
calcitrans or stimulans. ‘Che distal tubular chitinous portion is rather 
long and narrow, and though much longer and broader is somewhat 
like that of arritans (fig. 11, a) ; it is on the whole narrower and longer 
than that of most of the species of the calcitrans and stimulans groups 
so far examined. ‘The anterior part of the paramere (fig. 12, a, 5) is 


a long stout process ; the posterior portion (fig. 12, a, c) is of about 
uniform diameter throughout, and narrower than the corresponding 
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part of the paramere of the species of the calcitrans group so far 
examined, and also of most of those of the stimulans group ; its 
distal free end is always without hairs and, in the three species of the 
four known to me, has an outer membraneous expansion which 
appears to be characteristic of the group (see fig. 12, a, c). 2. ANAL 
Cercr. Fig. 3, ¢. ‘The anal cerci are fused in the middle line, the 
free margin of the inner end of each is, however, separated from that 
of its fellow by a well-marked incision, so that the inner ends project 
freely as nipples ; there is, in addition, rather a deep incision separating 
the inner end of each cercus from the outer, so that the latter then also 
projects to form a broad nipple-like process. ‘The fused anal cerci 
of the species of this group thus bear a superficial resemblance to 
those of some species of the /usorta group of Musca — tor instance, 
those of /usoria and spinohumera (see Musca, pt. 1, fig. 15, 6, p. 381, 
1932). ‘This appearance is extremely characteristic of the anal cerci 
of the three species of the maculosa group so far examined. 3. PROXI- 
MAL SEGMENT OF THE NINTH Coxite. Fig. 4, 6. ‘The proximal 
segment of the ninth coxite is a stout rather long sclerite, longer than 
that of any other of the type species of the three other groups. 
Although narrower than that of stimulans, it shows some structural 
similarity ; it is also in some respects not unlike that of zrritans. Its 
free extremity is rather bluntly rounded, the anterior edge has two 
rather shallow raised areas separated by a depression, the remaining 
part sloping gently to the end. 4. NINTH 'TERGO-STERNUM. Fig. 
5, a. ‘The ninth tergo-sternum is a heavily chitinized, broad sclerite 
with a broadly-rounded dorsal end and strongly developed, broad, 
pointed, converging postero-lateral processes (fig. 5, a) ; its structure 
clearly suggests a relationship with the ninth tergo-sternum of 
stimulans. All the three species of this group, the male terminalia 
of which have so far been examined, have each an almost exactly 
similar tergo-sternum. 5. FIFTH STERNUM. Fig. 7, a. ‘The fifth 
sternum is heart-shaped, the postero-lateral processes rather long, 
narrow, and usually unserrated, and are like those of the fifth sternum 
of stimulans. At the present time I know of four species of this 
group, all the adults of which I have studied ; I have not so far had 
an opportunity of examining the male terminalia of woosnami; the 
species are the following : 


maculosa Austen sanguinaria Austen 
pottsi sp.nov. woosnamt Austen 
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I have in an earlier paper (1914) recorded the occurrence of 
maculosa in India, where | now know it is widely distributed ; it is 
mainly crepuscular in habit and, when feeding and at rest, crosses its 
wings scissor-fashion. With the aid of the recent additional material 
of Eth:opian species sent me by Mr. Potts from ‘Tanganyika, I have 
been able to examine the male terminalia of sanguinaria. 1 have long 
had a new Ethiopian species in my collection, but have hesitated to 
describe it until I have had an opportunity of examining more material 
and especially the male terminalia of sanguinaria. In the collection 
from ‘langanyika, Mr. Potts has sent me some additional specimens of 
this new species, and I have great pleasure in naming it after him ; 
| hope to describe it soon. ‘The collection also contained two females 
of woosnami, only the male of which has so far been known. 

It is interesting to note that in all four species of this group the 
palps are dilated and lie closely applied to each other on the upper 
surface of the short proboscis. In all, the arista has spinulae only 
on the upper surface. In all, cell R; is narrowly open, veins R,,, 
and M,.,. converging towards each other at the wing margin. 

IV. CaLciITRaANs Group. Fig. 6. The phallosome, paramere 
and parts of these are illustrated in fig. 6. ‘The anal cerci are illus- 
trated in fig. 3, a, the proximal segment of the ninth coxite in fig. 4, d, 
and the ninth tergo-sternum in fig. 5, c. 1. PHALLOSOME, PARAMERE. 
Fig.6, a. ‘There are no particular differences to note in the structure 
of the phallosome of calcitrans as compared with that of stimulans, 
maculosa and irritans ; the important differences have been noted in 
the case of the others. ‘The anterior part of the paramere is rather 
broad and long when seen from the side, and has usually two, some- 
times three, bristles ; it varies a little in length and shape in the 
ditterent species. ‘he posterior part is broad in side view, narrowing 
towards the end, which is bent forwards, giving the appearance of a 
shoulder (fig. 6, a, c, g); the length of the distal end varies according 
to the position from which it is viewed (fig. 6, c, g). In most of the 
species of the group the posterior part is very similar to that of 


calcitrans, but may be narrower ; it is never armed with hairs at the 
distalend. 2. Anat Cercr. Fig. 3, a. ‘The anal cerci are completely 
fused, the inner ends together forming a single rounded projection ; 
this appearance is very characteristic of the species of this group. 
‘This median rounded part is separated from the outer end of each 





cercus by an incision of varying depth in the different species, so that 
the outer end may project to a varying extent. 3. PROXIMAL SEGMENT 
OF THE NINTH Coxire. Fig. 4, d. ‘The proximal segment of the 
ninth coxite is relatively shorter than that of the type of the three 
other groups, and is more pointed at the free end, which is somewhat 
bent in. ‘The anterior border has a small process, and then slopes 
round to the distal end. 4. NINTH 'TERGO-STERNUM. Fig.d,c. ‘The 
ninth tergo-sternum is somewhat U-shaped, the _ postero-lateral 
processes rather long, slender and curved well round posteriorly. 
5. FirrH STERNUM. Fig. 7, d. ‘The fifth sternum is longer than 
broad, the posterior end broadly rounded, and the postero-lateral 
processes relatively short, broad and usually finely serrated.  ‘Vhe 
following species, the terminalia of which have been examined, belong 


to this group : 


bengalensis Picard indica Picard 
houeti Roubaud nigra Macquart 
bouveri Roubaud omega Newstead 
brunnipes Griinberg pallida Roubaud 
calcitrans L. rhodanica Roubaud 
dubitalis Malloch sexvittata Roubaud 


taeniata Bigot 


I have yet to examine the male terminalia of the following 


species : 
bilineata Griinberg sitiens Rondani 
inornata Griinberg transvittata Villeneuve 
ochrosoma Speiser triangularis Brunetti 
pulla Austen varipes Bezzi 


In all the species of this group, the palp is short, much shorter 
than the proboscis (which is exceptionally long and narrow), and is 
undilated ; it should be noted, however, that the length of the palp 
varies in the different species. ‘he arista has spinulae only on the 
upper surface ; cell R; is rather widely open. 

It will be remembered that, as a result of the comparative study 
of the male terminalia in Musca (1932), no difficulty was experienced 
in reaching a conclusion as to the affinities of the species, the structure 
of the posterior part of the paramere alone clearly defining the groups 
and indicating the relative position of each within the genus. In 
Stomoxys (sens. lat.), on the other hand, it has been necessary to 
study and compare in great detail all the parts of the male terminalia, 
in order to discover the natural relationships and grouping of the 
species. ‘The very close similarity of the parts in the species has, 
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however, rendered it impossible at present to reach a final conclusion 
as to the relative position of the groups within the genus. ‘The 
structure of the anal cerci, that of the proximal segment of the ninth 
coxite, that of the posterior spiracles of the larva, and perhaps the 
persistance of pseudotracheae on the labella, suggest that the species 
of the stimulans group are the nearest relatives of Musca. On the 
other hand, the three species of the irritans group known at present 
also possess certain characters of the male terminalia and third larva, 
which suggest relationships with Musca. ‘The species of the calcitrans 
group, on the other hand, would appear to be distantly related to 
Musca. I have, therefore, decided, in the meantime, to arrange the 
groups in the order given above, leaving the final decision as to which 
group contains the simplest species for discussion on another occasion, 
when I have studied the male terminalia of more species and especially 
those of allied genera. 

It will be noted that the stimulans group contains species which 
exhibit greater variation in external structure than do the species of 
the other groups ; it contains, for instance, the following :— 

1. Species in which the arista has hairs on both sides, and in 
which the palps are long and dilated in various ways. 

2. At least two species in which the arista has hairs on both sides, 
though the palps are of uniform diameter throughout. 

3. At least three species in which the arista has hairs only on 
one side, and in which the palps are long and dilated (not club-like). 

4, Species which exhibit considerable variation in the arrange- 
ment and number of hairs and bristles on the body. 

5. Species which have hairs on vein Ry, 5. 

6. Species in which vein Ry, is without hairs. 

‘The three species of the irritans group, though all agreeing in 
having long dilated palps and hairs on only one side of the arista, 
differ in certain other characters, such as those of the anal vein and 
the structure of the hind tarsi of the male. ‘The species of the 
maculosa and calcitrans groups, on the other hand, exhibit great 
uniformity in structure, the species of each being very alike. In 
both groups, the arista has hairs only on the upper surface, but this 
common character does not indicate any very close relationship 
within the genus. In the maculosa group the species have dilated 
palps and a short stout proboscis, whereas in the calcitrans group 

















525 


the palps are short and of uniform diameter, and the proboscis is 
always long and slender. 


CLASSIFICATION OF STOMOXYS (sens. lat.) ACCORDING TO 
Mr. MALLOcH. 


Many attempts have been made to classify the species of Stomoxys 
into smaller groups by the use of various external characters. No 
useful purpose would, however, be served by attempting to give here 
a historical account of these classifications, especially as I am not 
concerned with vexed questions of nomenclature, but only with the 
truth regarding the identities of the species, their relationships to 
each other, and the easiest and most certain means of identifying 
them. I cannot, however, pass over without comment the latest and 
most pretentious of these, recently given by Mr. Malloch. 

In a series of three papers, Mr. Malloch (1932) has given a 
classification of Stomoxys (sens. lat.) with keys and short descriptions 
of some 48 species. He raises the genus to the rank of a subfamily, 
the Stomoxydinae, and divides it into two tribes, the Stomoxydini 
and the Haematobiini, and recognises nine genera and five subgenera, 
some of which are new ; the tribes are defined as follows : 

Tribe Stomoxydini. ‘ Contains species in which the palpi are entirely 
cylindrical, all those known to me having them undilated at apices, with the 
inner surface of each almost as the outer, though not so distinctly haired or 
almost without hairs.’ 

Tribe Haematobiini. ‘ Distinguishable from Stomoxydini by the structure 
of the palpi, these being so constructed, with the inner side grooved, shining, 
and generally bare, that they can be pressed closely against the sides of the 


proboscis much as in the Glossinidae.’ He includes the following genera 
in the two tribes :— 


‘Tribe Stomoxydini ‘Tribe Haematobiini 
Genus Stomoxys Genus Stygeromyia 
, Haematostoma »  Bdellolarynx 
»  Bdellia subgenus Lyperosiops 
,  Netvamyia ‘a Bdellolarynx 
,  Bruceomyia ‘ Haematobina 
Genus Haematobosca 
Haematobia 
subgenus Haematobia 
“ Glossinella 


In referring to the use of the characters of the palps for the classification 
of these flies, he says: —‘ When I described the species [B. flavicornis] I was 
not inclined to consider the structure of the palpi as of particular significance 
as a criterion for the separation of genera, dilated and undilated palpi appearing 
to me as described by the various authors who have dealt with these insects 
as of no more importance here than elsewhere in the Muscidae. However, 
with access to a much larger amount of material, including some genera 
previously unknown to me, I have changed my opinion on this matter and now 
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believe that the palpi do indicate in certain details some possible lines of 
relationships. It is not so much the mere widening of these organs at their 
apices that [ refer to as indicating phylogenetic relationships, as the nature of the 
inner surfaces. I have utilised this character in my key to the genera presented 
upon a preceding page in this paper, and in pursuing the scheme outlined 
therein and slightly more elaborated under the tribe heading on a previous 
page | have placed in the Stomoxydinae [Stomoxydini] several genera 
including Newamyia. ‘This action has rather widely separated the present 
genus [ Newamyia]| from Bdellolarynx, in which I originally placed flavicornis, 
but | am convinced that this is the proper course to follow.’ In the key 
referred to, the two tribes are distinguished as follows :— 

Tribe Stomoxydini. ‘ Palpi cylindrical, slender, not appreciably thickened 
at apices, and with the inner side regularly rounded and not shining.’ 

Tribe Haematobiini. ‘ Palpi not cylindrical, generally more or less dilated 
apically, always thickened from a little beyond base to apex, the inner side of 
each palpus distinctly grooved, or hollowed out, and generally distinctly 
shining or polished.’ 


As the grouping of the species I have given above is directly 
opposed to that of Mr. Malloch, it is necessary to examine critically 
the characters on which his classification is based. I have studied 
microscopically the palps of many typical examples of Mr. Malloch’s 
tribes, and will now shortly describe and illustrate a few. ‘The 


specimens from which the drawings were made were dissected off 











Fic. 13. @.—Inner surface of right palp of female exigua ; b.—Same of left 
palp of male punctigera ; c.—Same of right palp of male calcttrans ; d— Another of 
same of male calcitrans ; e.—Same of left palp of male /utst. All drawn to same scale. 
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the proboscis, after clearing the head in caustic potash, dehydrating, 
etc., and were then mounted on slides, and drawn to the same scale. 

‘TRIBE STOMOXYDINI. ‘lwo right palps of the male calcitrans 
are illustrated in fig. 13, c, d; the inner surface, that nearest the 
proboscis, is facing the reader. In both it will be noted that the 
palp is about the same width throughout, though if anything slightly 
wider at the ends, and also that it may vary in length ; it is always 
much shorter than the proboscis, and in the position of rest lies 
against its side. It is a chitinous tube enclosing a space, the haemo- 
coele. Under a high magnification it will be noted that it is covered 
all over with minute pointed spinulae, and the outer surface, and to 
a slight extent the inner, which is narrow, bears many bristles. In 
fig. 13, b, the left palp of the male punctigera is illustrated, and it will 
be noted that it is about as long as that of calcitrans, is structurally 
similar but narrower, and is armed with spinulae and bristles. In 
fig. 13, e, the left palp of the male /utzz (Netvamyia) is illustrated ; 
though much longer, it is also structurally similar, and has spinulae 
and bristles. In describing this type of palp, Mr. Malloch refers to 
the inner surface as being ‘ almost as the outer though not so distinctly 
haired, or almost without hairs’; presumably the hairs referred to 
are the bristles. ‘he inner surface is, however, covered with fixed 
hairs as is the outer, but has only a few bristles. 

‘TRIBE HAEMATOBIINI. ‘The right palp of the female S. (Bdello- 
larynx) sanguinolentus is illustrated in fig. 14, d, and, as in the case of 
the others illustrated, the inner surface (that applied to the proboscis) 
is facing the reader. It will be noted that this palp is gradually 
dilated from about its middle. ‘The outer surface is more strongly 
chitinised than the inner which is more membraneous, and both are 
covered with the same minute pointed spinulae ; the outer surface 
and edges have, in addition, many strong bristles. ‘lhe inner 
membraneous wall in life is flat or even convex, the space between 
the two walls is the haemocoele, and is filled with blood, nerves, 
tracheae, etc. This palp, therefore, cannot be referred to as grooved 
or hollowed out. In fig. 14, c, 6, are illustrated in each case the right 
palp of the male and female S. (Lyperosiops) stimulans respectively. 
This palp, it will be noted, is much more definitely club-shaped, and 
there is not much difference in its structure in the sexes. It is 


structurally similar to that of sanguinolentus. In fig. 14, a, is illustrated 
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lic. 14. a@.—Inner surface of left palp of female maculosa ; b.—Same of right 
palp of male stimulans ; c.—Same of female of stimulans ; d.—Same of right palp of 
female sanguinolentus. In each case the inner surface (facing) is convex and not 
hollowed out ; all drawn to same scale. 


the left palp of the female S. (Stygeromyia) maculosa ; it is much more 
club-shaped, the dilatation commencing nearer the base than in the 
case of the palp of stimulans. It is also structurally similar to the 
others. ‘The inner surface of these palps, owing to the width and 
membraneous nature, has a somewhat light appearance ; it is not 
bare, however, as is suggested by the term ‘ shining.’ Lastly, the palp 
of the female S. (Haematobia) exigua is illustrated in fig. 13, a; this 
palp is expanded, and the surfaces are structurally similar to those 
of the others noted, but the bristles are shorter. 


‘ 


Mr. Malloch describes this type of palp as being ‘ so constructed 
with the inner side grooved, shining and generally bare that they can 
be pressed closely against the sides of the proboscis much as in the 
Glossinidae.’ It will be noted, however, from the above short 
descriptions and from the illustrations, that this type of palp is not 
grooved, that its inner surface, though not usually armed with 
bristles, is covered with spinulae. Further, these palps are never 
pressed closely against the szdes of the proboscis when at rest. In 
order to demonstrate this | have mounted the heads of several species, 


with the proboscis and palps in the position of rest, and one of these 
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Fic. 15. Head of female chinensis in side view, to show resting position of 
proboscis ; note how the two palps lie on the dorsal surface, the bristles at the end 
protecting the labella. 


is illustrated in fig. 15. It will be noted that the palps are applied, 
not to the sides, but to the upper surface of the proboscis, so that the 
strong terminal bristles come to lie over the labella. ‘This is a special 
provision to protect from possible injury the most important part of 
the proboscis, the labella, which bear the tearing and piercing 
armature. In Glossina the palps completely enclose the proboscis. 
It will be noted then that Mr. Malloch has misinterpreted the structure 
of the palp in Stomoxys (sens. lat.), and especially that part on which 
he bases the primary divisions of his classification ; for he says: ‘ It 
is not so much the mere widening of these organs at their apices that 
I refer to as indicating phylogenetic relationships, as the nature of 
the inner surfaces.’ I can find no such differences in the inner 
surfaces of typical examples of the palps of the two groups. Except 
for the differences in width, the inner surface is similar in both, and 
that of the dilated palp is not grooved or hollowed out, but flat or 
even convex. Using the characters of the palp, Mr. Malloch groups 
all those species in which they are of uniform diameter and in which 
the inner surface is like the outer, into the tribe Stomoxydini, and 
those in which they are dilated, the inner surface (erroneously 
described as) grooved and shining, into the tribe Haematobiini. 
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In the tribe Stomoxydini are included five genera, the species of 
two of which, Haematostoma and Bdellia, are unknown to me. I 
have, however, studied the male terminalia of species of the remaining 
three genera, Stomoxys (sens. rest.), Netvamyia and Bruceomyia. 
The species of Stomoxys (sens. rest.), as noted above, fall into my 
calcitrans group, which probably represents the most advanced species 
of the genus. N. /Jutsi, which Mr. Malloch says is identical with his 
N. flavicronis, and B. punctigera are both closely related to each other 
and belong to my stimulans group, the species of which are distinct 
from calcitrans and its allies (Stomoxys, sens. rest.) ; the species of this 
group, it will be remembered, exhibit great variation in external 
characters, and at present I consider that they are the simplest. ‘The 
undilated palps of /utzi and punctigera have, therefore, misled Mr. 
Malloch into considering that these two species are related to calcitrans. 
I, therefore, consider that there is no necessity for the genera 
Netvamyia and Bruceomyia—-certainly not for the latter, which 1s 
based on the slenderest possible characters. It will be remembered 
that punctigera has in the past been placed in the genus Lyperosia 
(now Haematobia, according to Mr. Malloch), and thus associated with 
such species as iritans, minuta and exigua, which are quite distinct 
and belong to my 7rritans group. 

In the tribe Haematobiini, as noted above, Mr. Malloch includes 
four genera and five subgenera. With the exception of the subgenus 
[Taematobina, | have examined the male terminalia of many species 
of all the genera and subgenera. ‘The species of the genus Stygeromyta 
(maculosa group) are like those of the calcitrans group (Stomoxys, 
sens. rest.) in being of a uniform structure, and, therefore, form a 
natural group, nearest, I believe, to the species of the calcitrans 
group. Mr. Malloch, on the other hand, has been misled by the 
structure of the palp in this group, and places the species in his tribe 
Ifaematobiini, thus allying them to the species of Haematobia, etc. ; 
he appears to have examined only one specimen of Stygeromyia. In 
the definitions of his remaining genera and subgenera of the Haema- 
tobiini, and from the species he associates together in them, it 1s 
quite clear that he really does not understand either the significance 
of the characters he uses or the true relationships of the species. For 
instance, he places stimulans and sanguisugens in the subgenus 


Lyperosiops, and sanguinolentus and uniseriatus in the subgenus 
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Bdellolarynx. On the characters of the male terminalia all four are 
closely related to each other and belong to the stimulans group, and 
in this group wmzseriatus is more closely related to perturbans than to 
either sanguinolentus or squalida with which Mr. Malloch associates 
it. Again, Mr. Malloch groups thirouxi and ttillans in the subgenus 
Glossinella, allying them with muinuta, potans and other species ; 
minuta is, however, related to irritans and exigua in the irritans group, 
whereas thirouxt and titillans belong to the stimulans group. 

I have said enough to show that Mr. Malloch’s classification is 
not only most unsatisfactory but is inaccurate and misleading, for it 
is based on a fundamental error regarding the structure of the palps, 
which organs unfortunately do not indicate any ‘ possible lines of 
relationships,’ which Mr. Malloch considers they do. Further, Mr. 
Malloch has made new species and erected new genera on the 
slenderest possible grounds, two of his species are each based on a 
single specimen, and one genus on a single specimen, and that a 
greasy temale. No types of the older authors appear to have been 
examined, and no larvae studied. I very much regret to have to 
criticise again unfavourably Mr. Malloch’s systematic studies on the 
higher Diptera, but I feel that the time has now come for plain 
speaking on this subject. I am more than ever convinced that no 
advance, but rather the reverse, will be made in our knowledge of the 
status, affinities and relationships of these insects along the lines of 
Mr. Malloch’s studies. ‘The comparative study of the male terminalia 
offers the only sure means of clearing up the many puzzling problems 
connected with the higher Diptera. I would, however, again like to 
emphasize what are the primary objects of these comparative studies— 
viz.: (1) to fix the identities of the species, especially in the case of 
closely related ones ; (2) to discover the true relationships of species 
within a genus, and their relationships to those of allied genera. With 
this accurate information it will be possible to build up a natural 
classification. I would, therefore, like to draw attention to the note of 
warning given elsewhere (1933) on the danger of drawing conclusions 
as to the identities and relationships of species and genera from 
incomplete studies of the male terminalia ; such studies have in the 
past tended to discredit the value of the terminalic characters. It 
should be remembered that the characters of the male terminalia are 
not those of a single organ but of several embryonic segments. In only 
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a very few genera have the female terminalia been studied from the 
comparative standpoint. In two genera at least Musca (Awati) and 
Glossina (Evans), the parts exhibit distinct correlation with those of 
the male, and are even useful in identification. ‘The fact of the matter 
is that the female terminalia are even more difficult to study than 
those of the male, and few have cared to explore this field ; that is, 
however, no proof that the female does not possess good terminalic 
characters (see another paper in this journal). 

With regard to the making of new species and the erecting of 
new genera, I have now for many years adhered to the following 
two rules, and have refrained from making new species and new 
genera without first complying with them. ‘They are as follows :-- 
RuLE I. No new species should be made without first (@) examining 
the type, cotype, etc., of a species closely allied to the new one, () 
examining the male terminalia of the new species, and comparing them 
with those of allied forms. RuLe II. No new genus should be 
erected without first examining the male terminalia of the type species 
and comparing them with those of species of allied genera. 

As a result of my comparative studies of the male terminalia of 
Stomoxys (sens. lat.), I can see no justifiable reason for dividing the 
genus into smaller genera, especially now that it is quite clear that 
the external characters used for defining these genera has resulted in 
the grouping together of unrelated species, and separating closely 
related forms in distinct genera. All the species are closely related, 
the male terminalia and third larva exhibiting fundamental generic 
characters, such as the uniform structure of the phallosome, the 
absence of its posterior process, the presence of the horned sclerite, 
the fused anal cerci, the very similar proximal segment of the ninth 
coxite, the cephalopharyngeal skeleton of the larva with its very small 
left oral hook, and the structure of the posterior spiracles ; the female 
terminalia also exhibit generic characters. ‘The splitting of this natural 
group into smaller genera for the reason that it has become unwieldy 
(there are only about 50 species known) is, in my opinion, an unscien- 
tific procedure to say the least of it, and it has not produced the 
object which Mr. Malloch attaches to it, which, to quote his words, is 
‘so that a closer association of related forms in different taunal 
regions may be thus more definitely indicated.’ It has on the contrary 


not only led to much confusion and a misleading classification, but 
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has rendered identification a tedious and difficult task. I have found 
it well nigh impossible, even with the special knowledge I possess, 
to say whether a particular species is a Haematobia, Bdellolarynx, 
Nievamyia, Haematobosca, etc. And I am quite sure that veterinary 
officers, to whom these flies are of the utmost importance, would find 
it absolutely impossible to identify any of these genera. I have, 
therefore, decided to sink them and to place all the species in the 
single genus Stomoxys, and to arrange them in the four groups, as 
noted above. This change will greatly simplify identification, for it 
will only be necessary to recognize the fly as being a Stomoxys, and 
that is a simple matter, as all the species possess two characters in 
common, viz.: a forwardly directed, non-retractile proboscis, which 
at rest lies in a horizontal position projecting forwards to varying 
degrees in front of the head; and vein M,,, bends forwards with a 
rounded bend to a less or greater extent towards vein R,,;. It will 
then be an easy matter to identify the species with separate keys to 
those of the different regions. A single key to the species of more 
than one region is very confusing to use, and, besides, the worker in 
Africa does not want to identify any Oriental or Chinese species. 
The following is a revised definition of the genus Stomoxys. 


GENUS STOMOXYS GEOFFROY (emended Patton, 1933) 


GENERIC CHARACTERS. LARVA. ‘Third stage larva with attenuated anterior 
end, long cephalopharyngeal skeleton and very small left oral hook, much 
smaller than that of the larva of Musca; posterior spiracular plates D-shaped, 
tending to become round, either widely separated or close together ; the three 
sinuous breathing slits long and narrow, and the button central. ADULT. 
Arista with spinulae either on both sides or only on the upper surface ; palp 
either short, and then much shorter than the proboscis, or as long as the 
proboscis, and either of uniform diameter throughout or dilated, and then 
always lying on the upper surface of the proboscis ; proboscis non-retractile, 
and projecting horizontally forwards from under the head, either short and 
stout, or long and markedly narrow, or very long and slender ; labium some- 
times bulbous at base ; labella much reduced, and armed with strong teeth 
and an interdental armature. Sternopleural bristles variable, either 0:1, 1: | 
or 1:2. Vein Mj +2 bends forwards towards vein R4+5 with a gentle, rounded 
bend, ending either some distance from or very close to it (maculosa group), 
so that cell R; may have a bottle-neck opening. MALE 'TERMINALIA. ANAL 
Cerci. Broad, triangular (wing-shaped), fused in the middle line to a varying 
extent so that the inner ends of the free margin may project like nipples to 
some extent. NINTH CoxITE. Proximal segment elongated, distal end either 
narrowly or broadly rounded ; anterior border with or without a process of 
varying length ; distal segment concealed, a narrow hairy plate lying in between 
membrane at outer margin of anal cercus. NINTH TERGO-STERNUM. Y- or V- 
shaped, strongly chitinised, postero-lateral processes long, strongly chitinised, 
and bending round posteriorly towards each other. PHALLOSOME. Uniform 
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in structure throughout the genus, consisting of two chitinous tubes, the distal 
long and funnel-shaped, and always with a characteristic horned sclerite at distal 
end, placed at right angles to long diameter of phallosome ; it may be bicornu- 
ate. POSTERIOR PROCESS OF PHALLOSOME. Always wanting. PUMP SCLERITE 
OF EyJACULATORY Duct. Small. PARAMERE. Consists of two distinct parts 
joined by membrane ; anterior portion, a raised process of very similar structure 
throughout the genus, and armed with 1-3 bristles ; posterior part, a narrower 
raised process, bent forwards, either with or without hairs at distal end, its 
structure varying to a small extent. 

The following is a compiete list of the species known to me at 
present. An asterisk accompanying a name means that I have 
examined the type, and a query that | am doubtful as to whether the 
species belongs to the group in which it is placed. 


GENUus Stomoxy GEOFFROY 





Stimulans Group 
?*angustifrons Malloch (?uniseriatus 
Malloch). Zululand. 
?*atripalpis Bezzi. Italy. 
*chinensis sp.nov. North China. 
*equina Enderlein. Southern Hun- 
gary. 
? flavicornis Malloch (?lutzi Pinto 
& Fonseca). Brazil ; Surinam. 
?*hirtifrons Malloch. Kenya. 
? hirudo Enderlein. Cameroons. 
? latifrons Mailoch. Peru; Brazil. 
? latirostris Enderlein. Corsica. 
lutzi Pinto & Fonseca. Brazil. 
? mallochi Patton (B. latifrons Mal- 
loch). Nyasaland; Zululand. 
*perturbans Bezzi. North China. 
? pallidipes Roubaud. French and 
Belgian Congo. 
? potrix Enderlein. Socotra. 
? praedatrix Enderlein. Cameroons. 
*sanguinolentus Austen (nudinervis 
Stein; rufipes Stein). India ; 
Middle and Far East. 
*sanguisugens Austen. North India. 
?* shillings’ Grinberg. East Africa. 
*squalida Grinberg (lutosa Griin- 
berg, nom. nud.) ‘Tanganyika. 
?*spmigera Malloch. Uganda ; 
Nyasaland. 
stimulans Meigen (alcts Snow). 
Europe ; N. America. 
thirouxt Roubaud. Senegal. 
*titillans Bezzi. Southern Europe. 
*uniseriatus Nlalloch. Southern 
Rhodesia ; Zululand ; ‘Tan- 
ganvika. 


Irritans Group 
exigua de Meijere (*australis Mal- 
loch; *flavohirta Brunetti). 
Oriental, Australasian and 
Palaearctic regions; Oceania ; 
N. China ; Iraq. 
irritans L. (serrata R-D.) Europe. 
*minuta Bezzi (longipalpis Rou- 
baud). Somaliland; Oriental 
and Ethiopian regions. 
?*potans Bezzi. Eritrea; South 
Africa. 


Maculosa Group 
*maculosa Austen (rufipalpis Beck- 
er). Oriental region ; Aden. 
*pottst sp.nov. Nyasaland ; ‘Tan- 
ganyika. 
*sanguinaria Austen. 
Belgian Congo, 
"Tanganyika. 
*woosnami Austen. Kenya. 


Katanga, 
Nyasaland ; 


Calcitrans Group 
*bengalensis Picard (*discalis Mal- 
loch ; *oblongopunctata Bru- 
netti). India; Malay ; Burma. 
*bilineata Grinberg. ‘Tanganyika. 
*bouelti Roubaud. Liberia ; 
Dahomey ; ‘Tanganyika. 
*bouveri Roubaud. French and 
Belgian Congo ; Dahomey. 
*brunnipes Grinberg (sellata 


Griinberg). Cameroons ; T'an- 
ganyika; French and Belgian 
Congo ; Rhodesia ; Nyasaland. 
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Caleitrans Group (continued). * pallida Roubaud (*neivet Malloch). 


caleitrans Linnaeus (plurinotata Dahomey ; Nyasaland. 
Bigot). Cosmopolitan. *pulla Austen. Mussoorie, N. 
*dubitalis Malloch. South India. India. 
*indica Picard (*limbata Austen ; rhodanica Roubaud. Uganda; 
*pratti Summers ; * pusilla Belgian Congo. 
Austen). Oriental region ; sexvittata Roubaud. French 
N. China. Sudan. 
*nigra Macquart (*glauca Griin- *sitiens Rondani. Abyssinia 
berg; Jafonti Picard). Island (Bogos). 
of Réunion ; Mauritius ; widely *taemata Bigot. Natal; Katanga, 
distributed in Africa. Belgian Congo ; Kenya; ‘Tan- 
*ochrosoma Speiser (*flavida Mal- ganika ; Nyasaland. 
loch). "Tanganyika. *transvittata Villeneuve. Natal. 
*omega Newstead. Widely dis- *triangularis __ Brunetti. South 
tributed in W. Africa. India. 
*inornata Griinberg. West Africa. *varipes Bezzi. Kast Africa; 
Abyssinia. 


It will be noted from the above list that I have examined either 
the type, cotype or a conspecific specimen of all but some eight 
species, and have, therefore, cleared up a large amount of synonymy. 
I have not yet had an opportunity of examining the male terminalia 
of any of the species of Haematobina Malloch. In the list, under the 
sttmulans group, I have included many species which I believe in all 
probability belong here ; this can, however, only be settled when | 
have had an opportunity of examining their male terminalia. I have 
not yet been able to examine the male terminalia of potans Bezzi and 
have only provisionally placed it in the zrritans group. After examining 
specimens named by Summers from Kuala Lumpur and the large 
collection I have had from the same locality, I have been able to 
settle the identity of Malloch’s discalis and Brunetti’s oblongopunctata ; 
and pratt is identical with indica. | have seen neither the true nigra 
nor brunnipes from any part of the Oriental region. Bigot’s plurinotata 
is only calcitrans. After examining specimens of sitiens Rondani, 
bilineata Grinberg, brunnipes Griinberg and varipes Bezzi determined 
by various authors, it is quite clear that there is much confusion as to 
their identities. It would only be guess-work to attempt to settle the 
identities of these species without further study of the types. As | 
have sunk all generic names as synonyms, it becomes necessary to 
rename Malloch’s Bdellolarynx latifrons, as this name is preoccupied 
by Neitvamyia latifrons Malloch, and I have much pleasure in 
re-naming it Stomoxys mallochi. 

‘The revision of the species, together with regional keys and 
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black and white illustrations of all the known species, will be published 
in due course in Part 3 of my book, ‘ Insects, ‘Ticks, Mites, etc.’ | 
would like to take this opportunity again of appealing to medical and 
veterinary officers and medical entomologists to let me have any of 
the rarer species, especially those found on game animals ; a list of 
these will be found in my two previous papers, copies of which will 
be sent to anyone wishing for them. I shall be glad to name any 
collections of Stomoxys. In my next paper in this series I shall deal 
with the genus Glossina. | have now studied the male terminalia of 
all the known species, and shall attempt to explain their relationships 
to each other and discuss the systematic position of the genus. 


SUMMARY 


1. ‘The comparative study of the male terminalia of 31 species 
of Stomoxys (sens. lat.) has proved the parts to be of a uniform 
structure, that of the phallosome, the absence of its posterior process, 
the presence of the horned sclerite, the fusion and uniform structure 
of the anal cerci, and that of the proximal segment of the ninth 
coxite, all demonstrate the close affinities of the species ; the larval 
characters, too, confirm these findings. ‘There is, therefore, no valid 
reason for splitting the genus into smaller genera. 

2. The species fall into four natural groups on the characters of 
the male terminalia—viz.: the stimulans, irritans, maculosa and 
calcitrans groups—and belong to the single genus Stomoxys ; their 
exact position within the genus is, however, not yet quite clear. 

3. The stimulans group is a remarkable one, for it contains 
species with long and short undilated palps, others in which they are 
dilated, species in which the arista has hairs on both sides, and others 
again in which the under surface is bare. ‘The zrritans group also 
contains species which have some variable external characters. The 
maculosa and calcitrans groups, on the other hand, contain species 
which all possess a uniform set of external characters. 

4. 'The presence or absence of hairs and bristles, the structure 
of the palp, that of the antenna, that of the male hind tarsus, and the 
length of the anal vein, characters which have largely been used for 


grouping the species, have proved to be, as the result of this study, 
misleading guides to the true relationships of the species. 
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Recently, while undertaking a comparative study of the male 
terminalia of species of the genera of the Calliphorinae, we had 
occasion to examine those of two collections of what we believed were 
adults of Cochliomyia macellaria ¥., which one of us (I. C. C.) had 
collected earlier in the year in ‘Vexas. ‘The history of these two 
collections is as follows :— 

COLLECTION A. ‘This collection consists of adults taken at 
random from a large number caught in a range blow-fly trap at 
Menard, ‘Texas, during the latter part of July, 1933. 

COLLECTION B. ‘This collection consists of adults reared from 
larvae which had matured in wounds in experimental cattle at Menard, 
in July, 1933. The animals were wounded, and the wounds were 
allowed to become infested in nature. ‘The mature larvae, on leaving 
the tissues of the several animals, migrated into a special receptacle 
containing sand, and were allowed to pupate. Adults emerging from 
the puparia were selected at random and form this collection. 

On comparing microscopical mounts of the male terminalia of 
these two Calliphorinae (A) and (B), one of us (E. C. C.) discovered 
that we were dealing with two distinct species. A comparison of the 
male terminalia of species of collection A with those of others of the 
typical macellaria in our possession leaves no doubt that they are 
identical, and that the trapped adults (collection A) are the true 


macellaria, whereas the adults of collection B are abundantly distinct 
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and represent an undescribed species, which we propose naming 
Cochliomyia americana. We give below a description of the adults of 
this new species and of the male and female terminalia, comparing 


them with those of C. macellaria. 





Fic. 1. «a.—Fifth sternum of g americana; 6.—Same of ¢ macellaria ; 
c.—Lateral view of anal cerci and two parts of ninth coxite of macellaria ; d.—Ventral 
view of same of macellaria ; e.—Ventral view of same of americana ; f.—Lateral 
view of same of americana (all to same scale). 


Cochliomyia americana sp.nov. A dark bluish-green fly with white dusting 
and three broad, dark, mesonotal stripes ; the abdomen unbanded. Average 
length of 10 males, 9 mm., of 10 females, 8-8 mm. 


Mace. Heap. Vertex greyish-yellow, very narrow (linear), about 
one-seventh width of an eye; vertical stripe linear, chocolate in colour ; 
cheeks orange, with golden or silky hairs; occiput with similar hairs. 
Antennae. Scape, dark orange to black; pedicel, dark orange with 
reddish tinge along lower border; anterior border of first segment of 
flagellum, dark grey, and in some lights whole segment appears grey ; 
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arista, dark orange to black, with black spinulae on both sides almost 
to tip. Palps. Orange, small and of uniform diameter (they vary in length). 
THORAX. Mesonotum. Dark bluish-green, anterior half with marked white 
dusting and three broad dark stripes extending almost to scutellum, one 
median and one on each side ; a pair of much narrower dark prescutal stripes, 
slightly divergent, one on each side of median dark stripe ; dorsocentral and 
acrostichal bristles much reduced and represented only by a pair of each at 
posterior end of mesonotum, which is covered with numerous fine dark hairs. 
WING. Costal cell on each side of humeral cross vein (especially outer side) 
pigmented ; cells Sc, R, and R also pigmented at the basal ends (the amount 
varying in different specimens). ABDOMEN. Uniformly dark green with 
white dusting on terga 3 and 4; a narrow dark triangular median stripe on 
tergum three. 


MALE TERMINALIA. Anal Cerci. Ventral view. Fig. 1, e. Short, about 
the same width throughout, and narrowing abruptly to pointed ends; side 
view as illustrated in fig. |, f. Ninth Coxite. Distal Segment. Ventral view. 
Fig. 1, e. Narrow and rounded, of uniform width ending in rounded points ; 
lateral view as in fig. 1, f. Proximal Segment. Lateral view. Fig. 1, f. A 
strong twisted rod united to distal segment by a tendon. Ninth Tergo- 
Sternum. Fig.2,g. Short, broad, without definite shaft. Phallosome. Lateral 
view. Fig. 2, a. Distal part of body arched, not elongated as in macellaria 
(fig. 3, a), and bent almost at a right angle to the apodeme ; forking of proximal 
end of body not so deep as in macellaria (fig. 3, a), so that the anterior end does 
not form sucha prominent process. Posterior Process of Phallosome. Fig. 2, a. 
Short, straight, tapering to a point and not bent as is that of macellaria (fig. 3, a). 
Apodeme of Phallosome. Fig. 1, a. Shorter and stouter than that of macellaria 
(fig. 3, a). Sperm Pump Sclerite. Fig. 2, c. Fan-shaped, handle relatively 
long (much longer than that of macellaria, fig. 3, 6), and body narrower. Para- 
meres. Lateral view. Anterior Part. Fig. 2, a, b, f. A short, rather deep, 
folded plate, anterior end rounded and slightly bent over, armed with 8-12 
bristles, some smaller than others, and with short accessory process. Posterior 
Part. Fig. 2, a, d, e, h. A broad, upstanding process, distal end narrow, 
twisted and bent forwards, but not hooked as is that of macellaria (fig. 3, a, d, 
f, g). Fifth Sternum. Fig. 1, a. Broad, lateral lobes distinctly shorter and 
broader than those of macellaria (fig. 1, 6), the notch broader and shallower. 


FEMALE. Heap. Vertex greyish-yellow, wide, nearly half the width of 
an eye ; vertical stripe chocolate, with either straight or slightly emarginate 
sides, and about half width of vertex, with 10-14 vertical bristles ; outer 
vertical bristles (parafrontal, orbital) wanting, but with hairs in several rows ; 
cheeks as in male. Antennae. First flagellar segment usually lighter than that 
of male, especially near base. Palps. As in male, but usually slightly longer. 
THoRAXx. Mesonotum as in male. WING. Pigmentation as in male. 
ABDOMEN. As in male, but usually more silvery dusting, and terga | and 2 


darker. 


FEMALE 'TERMINALIA. Ovipositor. (Segments 6, 7, 9 and 10.) Fig. 4. 
Rather short, about one-third shorter than that of macellaria (fig. 6). Sixth 
Tergum. Fig. 4, m. A wide arched plate, narrower than that of macellaria 
(fig. 4, 7), bearing at outer edges the sixth and seventh spiracles, the latter 
smaller and well separated from the former. Sixth Sternum. Fig. 4, n. 
Elongated and expanded distally. Seventh Tergum. Fig. 4, 0. "Two wide 
plates usually attached distally, separated, and diverging proximally. Seventh 
Sternum. Fig. 4,p. Long and wide. Ninth Tergum. Fig.4,r. ‘Two distinct, 
rather short wide plates commonly united distally, separated proximally. 
Ninth Sternum. Fig. 4, q. A small, quadrilateral, lightly chitinised plate lying 
below the genital opening. Tenth Tergum. Fig. 4,s. A short cone-shaped plate 











Fic. 2. a.—Lateral view of phallosome and one paramere of americana ; b.— 
Lateral view of anterior part of left paramere of same ; c.—Pump sclerite of same : 
d.—Lateral view of posterior part of left paramere of same; e.—Lateral view of 
posterior part of right paramere of same ; f/.—Lateral view of anterior part of right 
paramere of same ; g.—Ninth tergo-sternum of same ; /.—Lateral view of posterior 
part of right paramere of same (drawings of parts same scale as corresponding ones 
of macellaria, fig. 3). 


lying between anal cerci. Tenth Sternum. Fig.4,t. A small wider cone-shaped 
plate ventral to anal opening, with a pair of strong rod-shaped sclerites 
supporting wall of genital opening. Anal Cerci. Fig. 4,s. <A pair of elongated, 
club-shaped plates. Spermathecae. Fig.4,a. Large, ovoid, strongly chitinised 
capsules with definite distal point ; ducts long. 

‘he above description of the adults is based on the study of 
150} males and 95 females ; many microscopical specimens of the 
male and female terminalia were also examined. We have carefully 
compared adults with those of macellaria, and are still unable to give 
any reliable external characters (except those of the terminalia noted 
below) which would enable a worker in the field to distinguish the 
two species. ‘Che adults of americana are, on the whole, larger and 
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ic. 3. a.—Lateral view of phallosome and one paramere of macellaria ; 6.— 
Pump sclerite of same ; c.—Lateral view of anterior part of right paramere of same ; 
d.—Lateral view of posterior part of right paramere of same ; e.—Lateral view of 
anterior part of right paramere of same ; f.—Lateral view of two parts of left paramere 
of same ; g.—Lateral view of posterior part of right paramere of same ; /4.—Ninth 
tergo-sternum of same (cf. fig. 2, g). 








of a darker colour than those of macellaria, but we do not attach much 
importance to these characters. ‘The fifth sternum of the male 
macellaria is appreciably different from that of americana, the lateral 
lobes being longer and more pointed, and the incision narrower and 
longer (fig. 1, a, 6). It requires only a little practice to appreciate 
these differences. ‘The female terminalia are strikingly distinct. 
The ovipositor of macellaria (fig. 6, b) is about one-third longer than 

























Fic. 2. a.—Lateral view of phallosome and one paramere of americana ; b.— 
Lateral view of anterior part of left paramere of same ; c.—Pump sclerite of same : 
d.—Lateral view of posterior part of left paramere of same; e.—Lateral view of 
posterior part of right paramere of same ; /.—Lateral view of anterior part of right 
paramere of same ; g.—Ninth tergo-sternum of same ; /.—Lateral view of posterior 
part of right paramere of same (drawings of parts same scale as corresponding ones 
of macellaria, fig. 3). 


lying between anal cerci. Tenth Sternum. Fig.4,t. A small wider cone-shaped 
plate ventral to anal opening, with a pair of strong rod-shaped sclerites 
supporting wall of genital opening. Anal Cerci. Fig. 4,s. A pair of elongated, 
club-shaped plates. Spermathecae. Fig.4,a. Large, ovoid, strongly chitinised 
capsules with definite distal point ; ducts long. 

‘The above description of the adults is based on the study of 
150 males and 95 females ; many microscopical specimens of the 
male and female terminalia were also examined. We have carefullv 
compared adults with those of mace/larta, and are still unable to give 
any reliable external characters (except those of the terminalia noted 
below) which would enable a worker in the field to distinguish the 
two species. ‘The adults of americana are, on the whole, larger and 
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ic. 3. a.—Lateral view of phallosome and one paramere of macellaria ; 6.— 
Pump sclerite of same ; c.—Lateral view of anterior part of right paramere of same ; 
d.—Lateral view of posterior part of right paramere of same ; e.—Lateral view of 
anterior part of right paramere of same ; f.—Lateral view of two parts of left paramere 
of same ; g.—Lateral view of posterior part of right paramere of same ; /.—Ninth 
tergo-sternum of same (cf. fig. 2, g). 





of a darker colour than those of macellaria, but we do not attach much 
importance to these characters. ‘The fifth sternum of the male 
macellaria is appreciably different from that of americana, the lateral 
lobes being longer and more pointed, and the incision narrower and 
longer (fig. 1, a, 6). It requires only a little practice to appreciate 
these differences. ‘(he female terminalia are strikingly distinct. 
‘The ovipositor of macellaria (fig. 6, 6) is about one-third longer than 











ic. 4. a@.—Spermathecae and parts of ducts of americana; b.—Same of 
macellaria, showing ducts entire and signum ; c.—Tenth sternum of same ; d.—Anal 
cerci and tenth tergum of same; e.—Ninth sternum of same (cf. g) ; /.—Ninth 
tergum of same ; g., /.—Seventh sternum of same (cf. p) ; 71, 7.—Seventh tergum of 
same (cf. 0); &.—Sixth sternum of same ; /.—Sixth tergum of same; m.—Sixth 
tergum of americana ; n.—Sixth sternum of same; 0.—Seventh tergum of same ; 
p.—Seventh sternum of same ; g.—Ninth sternum of same ; r.—Ninth tergum of 
same ; s.—Anal cerci and tenth tergum of same ; ¢.—tenth sternum of same ; note 
strong rod-like sclerites (all to same scale). 





that of americana (fig. 6, a). It is only necessary to compress the 
abdomen and extend the ovipositor to detect the difference. 

The other structural details showing the difference in the 
sclerites of the ovipositor are illustrated in figs. 4,5, which are drawn 
from caustic potash preparations, and it is unnecessary, therefore, to 
describe them. ‘The most striking differences are to be noted in the 
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Fic. 5. a.—Dorsal view of ovipositor of macellaria ; b.—Ventral view of same ; 
c.—Ventral view of ovipositor of americana ; d.—Dorsal view of same ; VJ.t., V1.s.— 
Sixth tergum and sternum; V/J/J/.t., VJ/J.s.—Seventh tergum and sternum; lX.1., 
IX.s.—Ninth tergum and sternum; X./., X.s.—Tenth tergum and _ sternum ; 
a.c.—anal cerci (to same scale). 





Fic. 6. a.—Abdomen of 2 americana with ovipostor extended ; b.—-same of 
macellaria (same scale). 
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sixth terga and sterna, the seventh terga and sterna, the ninth sterna 
and the anal cerci. ‘The spermathecae of macellaria (fig. 4, 6) are 
much smaller and are structurally different from those of americana 
(fig. 4, a), the ducts being very short. ‘The differences in the male 
terminalia are striking and are brought out in detail in figs. 2, 3, 
which should be carefully compared. ‘The long straight phallosome 
of macellaria is characteristic, as 1s also the much shorter arched one 
of americana. ‘The structure of the former appears to be correlated 
with that of the ovipositor. We hope to discuss this on another 
occasion. We have also carefully compared the female americana 
with two females of C. wheelert Hough, named by Dr. Aldrich and 
presented to this School, and note they are quite distinct. The palps 
of wheeleri, as first noted by Hough, are long and club-shaped, 
whereas those of americana are small and of uniform diameter ; the 
femora and tibiae of wheeleri are yellow, whereas those of americana 
are almost black. ‘lhe female terminalia are also quite distinct and 
are nearer to those of macellaria._ We are unable at present to describe 
and illustrate the male terminalia of wheeleri, as we have no specimens 
of this sex. In the meantime we accept the genus Cochliomyia which 
‘Townsend erected for these New World species of Chrysomyia; we 
do not, however, accept his trivial generic characters ; we hope to 
discuss the status of this genus on another occasion. 

In due course, the types of americana will be deposited in the 
U.S. National Museum, Washington; paratypes in the Natural 
History Museum, London ; in the collection of the U.S. Bureau of 
Entomology, Washington; in the Liverpool School of ‘Tropical 
Medicine, Liverpool ; and in the collection of the London School of 
of Hygiene and ‘Tropical Medicine. 

Possible larva of C. americana. Although we have no larva of 
americana, none having been preserved at the time collection B was 
made, we have examined a larva from a case of myiasis from Mexico 
in the collection of this School. ‘The larvae were collected by Dr. 
Hannington, at Minalitlan, 18° North, Gulf Coast, Mexico. ‘The 
history of the case is as follows : 

‘ Larvae of fly said to be a green tly by Mexicans, taken from Spaniard 
infected while drunk in field. ‘Treated at native hospital for two weeks for 
catarrh. Came under observation delirious and with excessive oedema of 


glottis. ‘Thirty-five large maggots removed by chloroform inhalations, and 
after three days a second (?) generation of smaller worms. Removed to railway 























Fic. 7. a.—End of third larva of macellaria,to show non-chitinised tracheae ; 
b.—Same of Mexican larva, to show chitinised tracheae ; c.—anterior spiracles of 
Mexican larva ; d.—Body spine of Mexican larva; e.—Cephalopharyngeal skeleton 
of third larva of macellaria ; note ribbed pharynx ; f.—body spines of Mexican larva ; 
g.—Cephalopharyngeal skeleton of Mexican larva; note smooth pharynx; h.— 
Posterior spiracles of third stage Mexican larva ; 1.—Body spines of larva of macellaria ; 
j.—Anterior spiracles of third larva of macellaria ; k.—Posterior spiracles of same 
(all to same scale). 


hospital where, four days later, after sharp haemorrhage, coughed up a large 
mass of larvae and made good recovery. Soft palate destroyed and bridge of 
nose. Eustachian tube affected ; quite deaf on one side.’ 


This is the history of a typical case of nasopharyngeal myiasis, 
and it occurred to us that this larva may possibly be that of americana. 
The salient diagnostic characters of the cephalopharyngeal skeleton, 
anterior and posterior spiracles are illustrated in fig. 7, g, A, f, c, 6, as 
well as those of the typical larva of macellaria (fig. 7, e, 1, k, a), drawn 
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to same scale for comparison. ‘The differences in the structure of 
the cephalopharyngeal skeleton, posterior spiracles and dermal 
spines are so striking that there is no necessity to describe them. We 
would, however, draw particular attention to the fact that the pharynx 
of this Mexican larva is smooth, proving that it is a true parasite, 
Whereas the pharynx of the larva of macellaria is ribbed, proving that 
it is not a parasite, but saprophytic in habit (obligatory necrobiot), 
It is interesting to note also that the main tracheal tubes (fig. 7, 5) of 
the Mexican larva are wide and heavily chitinised for more than half 
their length, and can be seen through the skin, the atrium also being 
large, whereas those of the larva of macellaria (fig. 7, a) are much 
narrower and cannot be seen through the skin, and the atrium is 
much smaller. ‘These striking characters again point to the Mexican 
larva’s being a true parasite, whereas the larva of macellaria is not. 

Notes. The discovery of this new and quite unsuspected species 
of myiasis-producing Calliphorine raises a number of important 
points. 

1. It is quite evident that americana has been entirely over- 
looked for the best part of 50 years or more, and as a result macellaria 
has been universally regarded as the screw-worm fly of the New World. 

2. The fact that no adults of macellaria were found in collec- 
tion B is a very striking one, and clearly points to its being a very 
doubtful myiasis-producing fly. The structure of the larva, especially 
that of the pharynx, confirms this view. It seems clear, therefore, 
that macellaria cannot in the future be known as the screw-worm fly 
of the New World. This popular name must now be transferred to 
americana. We suggest that macellaria is a harmless fly. 

3. As far as we know at present, there is no evidence that 
americana breeds in decaying animal matter (meat, carcasses, etc.), 
and, although thousands of flies have been bred in this way throughout 
the States, no one has yet recorded americana. ‘This at once suggests 
to us that americana is a true specific myiasis-producing Calliphorine 
and belongs to group 1, subgroup 2 (see classification of myiasis- 
producing Diptera in ‘ Insects, ‘Ticks, Mites,’ etc., Part I, Patton & 
Evans), and is, therefore, allied to the Old World C. bezziana Vill., 
which breeds only in living tissues. The mystery surrounding 
americana is exactly analogous to that which surrounded bezziana 
for many years, until one of us (W. S. P.) cleared up its true identity 
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and worked out its life history in India. Until then, C. megacephala 
(flaviceps, dux) was regarded as the important myiasis-producing 
Calliphorine of India, and was believed to be the adult of the larva 
very commonly found in human and animal tissues in that country. 
From hundreds of adults bred out by one of us (W. 5S. P.) in India 
from larvae collected by medical and veterinary officers from cases 
of human and animal myiasis, in only two cases were the adults of 
megacephala recovered, proving conclusively that this Calliphorine is 
of no importance as a myiasis-producing fly, and is, therefore, even a 
doubtful semi-specific species. In the same way, in the New World 
the true identity of the screw-worm fly has for long remained a 
mystery, owing (1) to the fact that the adults closely resemble those 
of macellaria, and (2) that, as it is almost certainly a true specific 
myiasis-producing fly and therefore never lays its eggs in decaying 
animal matter (carcasses, meat, etc.) but only in living tissues, the 
adults can only be obtained by breeding them out from third stage 
larvae. We fear that the important facts regarding the life history of 
bezziana have not been clearly appreciated. 

4. We have no proof at present that any specimens of americana 
have been caught in traps or in places where blow-flies usually 
collect. We have little doubt that odd specimens of americana bred 
out from larvae from cases of myiasis exist in private and museum 
collections under the name macellaria. No one else to our knowledge 
has, in America, bred out americana in large numbers as recorded in 
the experiments noted above. 

5. We have no evidence that americana has been described by 
any of the older authors, such as Macquart, Robineau-Desvoidy, 
Bigot, Wiedemann or Walker. We know that macellaria has been 
described many times by these older authors, and Walker described 
it at least seven times. In this connection, we would again emphasize 
the point that if our prediction that americana is a true specific 
myiasis-producing fly is correct—and we have overwhelming evidence 
to support this view—1it is clear that the adults can only be obtained 
by either breeding them out or catching them while laying their eggs 
in wounds, etc. Mr. Cuthbertson (1933) in Rhodesia has recently re- 
corded having caught about 50 females of bezsiana when they were 
laying eggs on wounds in cattle, and notes that the adults are practically 
never seen otherwise. We doubt, therefore, whether any of the older 
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authors named above would have had an opportunity of seeing such 
bred adults, as very few observers who may have collected its larvae 
would have bred out the adults. We sincerely hope, therefore, that 
no dipterist will change the name americana for a doubtfully older 
name on the law of priority without first examining the male and female 
terminalia and comparing them with those of americana. 

We should like to take this opportunity of drawing attention to 
the vital importance of accurate comparative studies of microscopical 
preparations of the male terminalia as the only certain means of 
settling, not only the true identities, but the relationships of the 
Diptera. ‘The warning given by one of us (W. S. P.) in a previous 
paper (1933) should be carefully noted. We know of no better case 
with which to emphasize this point than the present one, where the 
neglect to examine the terminalia has led to the confusion of two 
species, one of which has been missed. One of us (W. S. P.) has 
already laid the foundation of this work, and these studies, which are 
now in active progress, will eventually lead, not only to more accurate 
information as to the identities and relationships of these flies, but 
to a natural classification. We would urge all dipterists, who use 
the characters of the male terminalia, to follow the terminology (of 
the parts), which has been introduced by one of us, and which is as 
near the truth regarding their homologies as is possible with our 
present knowledge. 

In conclusion, we would like to point out that there are still 
those who regard these microscopic studies of the male terminalia as 
being only of academic interest, the argument being that the characters 
of the male terminalia are only those of one organ, the phallosome, 
and that they are of no use in the identification of the female. The 
characters of the female terminalia of the higher Diptera have yet to 
be explored. In the present case we have brought forward striking 
proof that the characters of the female terminalia are equally 
important, and can be used in the field for separating these two 
closely allied species, macellaria and americana (fig. 6). 


SUMMARY 


1. A new myiasis-producing Calliphorine, Cochlomyia 
americana, is described, whose identity has been obscured by its 
close resemblance to C. macellaria F. It is the true screw-worm fly 
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of the New World. ‘The male and female terminalia are described 
and compared with those of macellaria. 

2. It is suggested that it is a true specific myiasis-producing 
fly, like C. bessiana. A Mexican myiasis-producing Calliphorine larva 
is described, which may be the larva of americana. 

3. Emphasis is again drawn to the importance of the study of 
the male and female terminalia in the higher Diptera. 
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THE POLYMORPHIC TRYPANOSOMES OF 
DAMBA ISLAND, VICTORIA NYANZA 


Il1.—THEIR REACTIONS IN LABORATORY 
ANIMALS 


BY 


J. M. WALLACE, M.A., M.R.C.S., L.R.C.P. 
(From the Human Trypanosomiasis Institute, Entebbe, Uganda) 
(Received for publication 20 November, 1933) 


The first two papers in this series dealt with three strains of 
trypanosomes from wild G. palpalis on Damba Island, Lake Victoria, 
as regards their power of infecting man and their transmissibility 
by laboratory-bred tsetse (Duke, 1932a and 6). ‘This paper deals 
with :— 

1. The length of life of various untreated laboratory 
animals infected with these strains. 

2. The effect of human serum on strains Damba II and II] 
in rats and mice. 

3. The effect of atoxyl on strains Damba II and III in mice. 

4. The results of red-cell adhesion tests with trypanosomes 
and plasmas from animals infected with strains J, II and III. 

5. The presence of postero-nuclear forms. 

1. THE LeNcTH oF LIFE oF LABORATORY ANIMALS. Strain 
Damba I, first isolated in monkey 910, in February, 1932, was the 
least transmissible (Duke, 19326) by G. palpalis, and was therefore 
not maintained so long as the other strains. Five monkeys in all 
were infected, the average life being 42 days, the maximum 109 
days, the minimum 10. This last monkey was a feeble animal, 
and probably gives an exaggerated idea of the virulence of the strain ; 
if it is omitted from the series, the average life is 50 days. ‘The strain 
was then kept up in guinea-pigs ; the average life of five was 26 days, 
the maximum 37, the minimum 14 days. 

Strain Damba IT, first isolated in monkey 911, also in February, 
1932, was intermediate in transmissibility between strains I and III. 
Only two monkeys were infected with it, numbers 911 and 944. 
Monkey 911 lived 22 days and died of pneumonia; monkey 944 
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lived 60 days. ‘The strain was then kept up in guinea-pigs, a series 
of 15, the average life being 43 days, the maximum 114, the minimum 
13 days. ‘There was no obvious increase in virulence from the first 
to the last in the series. 

Strain Damba III was isolated at the same time as the other two 
strains. ‘The first monkey infected, number 912, lived 84 days. 
Eight other monkeys were infected from it by fly, the average life 
being 98 days, the maximum 163, the minimum 55 days. ‘The strain 
is being kept up in guinea-pigs, the series to date, November 3rd, 
1933, reaching 28. The average life was 34 days, the maximum 
was 78 days, the minimum 19; here again the virulence varied 
but did not constantly increase or diminish. ‘Three untreated rats 
lived 97, 36 and 103 days. ‘Two mice, also untreated, lived 45 and 
172 days, and two sheep, infected by fly, lived 334 and 254 days. 
‘I'wo rats and one mouse were untreated but examined daily for the 
presence of postero-nuclear forms. ‘They lived 18, 46 and 28 days. 

The length of life of these animals may be compared with those 
used in experiments with strains of trypanosomes from Damba 
Island on two previous occasions (Duke, 1912 and 1921). In 1912, 
monkeys were infected with trypanosomes recovered from situtunga 
antelope on Damba Island. The actual length of life is not recorded, 
but one monkey was alive, though emaciated, after 124 days, others 
were alive and with no obvious symptoms after 85, 75, 70, 54 and 
42 days. 

In 1920, three strains were examined, one from wild G. palpalis 
on the mainland shores of Lake Victoria, a second from the Damba 
antelope, and a third from wild G. palpalis on Damba Island. 

For the mainland strain, the average life of 12 monkeys was 216 
days, and of 2 dogs 35 days. ‘Two infected guinea-pigs were alive 
after 117 days, and 2 after 122 days. 

For the Damba antelope strain, in 10 monkeys the average life 
was 53 days, in 2 guinea-pigs 41 days, and in 3 sheep 48 days. 

For the Damba wild fly strain, the average life in 4 monkeys was 
84 days ; one guinea-pig lived 56 days, and another 158 days. 

(The monkeys used in all these experiments were of the same 
species of Cercopithecus (C’. aethiops Linn.). The rats and mice were 
from laboratory strains originally from England.) 

It is difficult to make an exact comparison from these figures, 
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but the strains to-day appear to be more virulent than those tested in 
1912 or in 1920. 

2. THE EFFECT OF HUMAN SERUM. Before the details of the ex- 
periments are given, some facts about the behaviour of the Damba 
strains in untreated animals must be considered. 

After an animal has been inoculated, fresh or stained films made 
daily show no trypanosomes for the first 4-7 days. ‘They are then 
to be seen in the stained film and later in the fresh film. ‘They 
continue to be present for a period of some 4 or 5 days ; then they 
disappear, usually in both fresh and stained films, sometimes only 
in the fresh film. In addition to this first disappearance, which is 
variable in duration, there may be other negative periods quite 
irregularly distributed throughout the course of the infection. 

This variation in numbers in the peripheral blood is in striking 
contrast to the behaviour of 7. rhodesiense, which, at any rate in rats 
and mice, once it has appeared in the blood is present constantly 
till death. In guinea-pigs, however, even in 7’. rhodesiense and 
T.. brucei infections, there may be periods in which no trypanosomes 
are seen. ‘This is particularly important in connection with experi- 
ments in drug resistance, and will be discussed later. ‘Thus, while 
it is comparatively easy to show that a given dose of serum has 
no effect on an infected animal, it is sometimes difficult to decide 
whether the disappearance of trypanosomes from the peripheral 
blood is accidental or directly due to the injection of serum. 

In the following experiments, serum from three natives, ‘ A,’ 
‘lL’ and ‘ K,’ was used, sometimes fresh, sometimes dried im vacuo 
over sulphuric acid and redissolved before use in the requisite quantity 
of distilled water. The serum was always given intraperitoneally. 

In all the Tables in this paper, each ‘ +-’ or ‘ —’ sign, or the 
words ‘ very few’ or ‘ few,’ represents the result of blood examination 
on one day, the first sign referring to the day immediately following 
that on which the serum or drug was given. ‘The sign ‘ O’ means 
that the animal was not examined on that day; ‘ very few’ means 


that trypanosomes were found in a fresh cover-slip preparation only 
after 5 minutes’ search. ‘ Few’ means that from 1-10 fields of a 


one-sixth objective with 7x ocular were examined before finding a 
trypanosome, while ‘++’ means any greater number than this. 
Every animal was -+- on the day on which the serum or drug was given. 








‘The effect of human serum on mice infected with strain Damba III 
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TABLE I 





Day after 












































infecting Result of fresh film examination 
Animal Dose of serum inoculation | on successive days following serum 
on which injection ‘ 
serum was _ 4 
given | 
Mouse ll 1-0 c.c. serum ‘ A’ Wh | —-——— — 
ey ii i ee ea te es 
1-0 244th  — — — — — 
Mouse 5 O-5c.c. _,, Sh fo-— ee eS SO Oe a 
0-5ecc. ,, ‘ 18th died on 19th day—in fresh film. 
Mouse 6 | 0-5 c.c. _,, * 14th Ap Wein ate tet ipa eee d 
Mouse 4 0-5 c.c. sheep serum | 6th Lee: sheer +t+#++4e++tt+t+ 
0-25 c.c. serum ‘A’ > | | SEE loeetneaniamhematnentensientmtaeieaantenas 
Mouse 9 | 0-5 c.c 14th + }- 
Mouse 7 0-5 c.c. 14th — + + + + {- 
Mouse 8 | 0°5 c.c. 4th §|}————-+ ++4++4 | 
Sadimmtinenestiaeatite sities sities site aiite ilies aie aii 
Saale ailice attics sds aii: pilioe wii: sili: allie: with wii 
Mouse 100-5 c.c. l4th  aillte nieematemaatccmeli ibe, xiii isis tiie elles ies 2 
emia: sie: wit Sie, cieenele: site ois ie it | 
+ oP 
Mouse 12. 0-5 c.c. ,, : a (Cconleeeethoeniacaaiemednimeinanmmaeali alle 3 
nen Seen serie sii: cite silts sie ai eae 
6 aie: sdike cis wile aia aie xi gis ws aie 
died 





From this Table it appears that strain Damba III in mice, the 
only strain tested in these animals, is definitely susceptible to 1-0 c.c. 
0-25 c.c. proved effective in one 


and to 0:5 c.c. human serum. 














an 





animal (mouse 4), but it may have been reinforced in some way by 
the dose of sheep serum injected previously. A dose as small as 
0-05 removed the trypanosomes for 10 days in one mouse (mouse 12), 
but had no effect on another (mouse 9). 

Strains Damba II and III were tested in two series of rats ; 
the results are given in the ‘Tables II and III. 

TABLE II 
‘The effect of human serum on strain Damba II in rats 





Day after 
| infecting 
Animal Dose of serum inoculation | Result on days following injection 
on which 
serum was 






































given 
Rat 6 0-25 c.c. serum ‘ K’ 12th | few, — —— — + 
(fresh) 
Rat 5 0-5 c.c. _,, i 9th +, few, —— — + 
Rat 1 iOSce. . Bs 9th che. ee i smi 4 
Rat 2 0-5 c.c. serum ‘ L,’ 13th 
(fresh) 
Mec , l7th 
2°5 C.c. 2\st ~ ys ‘a 
Rat 8 O5 ec . 5 9th | few, ——————— 
Rat 9 rece « ¥ th | —-——————— 4. 
Rat 12 Pitt! a) a (er ee eet 
Rat 3 0:5 c.c. serum * A’ 10th ope 
(dried) 
10cc. ,, " 16th +++ +4 
Rat 4 | 10cce ,, . 10th |++++ 
Rat 7 0:5 c.c. serum ‘ A’ 11th f+ — — — — — + 
| (fresh) 
Rat 10 ce . J llth + ——— + 
mh 6 hee Cl. llth a a +} 
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"TABLE III 


‘The effect of human serum on strain Damba III in rats 





Day after 
infecting 
Animal Dose of serum inoculation Result on days following injection 
on which 
serum was 


















































given 
Rat 2 0-25 c.c. serum ‘ A’ 15th few, — — — + 
(dried) 
Rat 1 Get. j J i 
Rat 8 0-5 ¢c.c. serum ‘ A’ 12th .. few, few, few, + 
(fresh) 
Rat 9 ece. . ¥ 2th § — — — , few 
Rat 10 lOcec. ,, 12th cri i: te ti. “el 
Rat 5 0-5 c.c. serum ‘ L,’ 9th — — — — — — —, few 
(fresh) 
Rat 6 ice. » r 9th + -+ +, died 
Rat 7 Occ 4 on Oth sa sanecebeileie ni neemiia 
Rat 4 0-25 c.c. serum ‘ K ’ 10th very few, —, few 
(fresh) 
Rat 3 OSec. ,, ° Oth if ree 





Strains II and III are apparently both susceptible to human 
serum in rats, number III being on the whole rather more easily 
affected, particularly when tested with serum ‘A.’ Rats 3 and 4 
(Damba II) were apparently unaffected by this serum, which in this 
experiment was used in the form of dried powder redissolved in 
distilled water. ‘That the drying of the serum was not responsible is 
shown by comparing the result with rat 1 (Damba III), which was 


given dried serum, with rat 8, which had fresh serum; the dried 
serum had more effect. Serum ‘ L ’ brings out the difference between 
the two strains, 0-5 c.c. being effective in rat 5 (Damba IIT) but not 
in rat 2 (Damba II). Individual rats seem to vary in their power of 
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reacting to human serum: rats 9 and 12 (Damba III) were both 
treated with serum ‘ L.’: one was affected, but the other apparently 
was not. 

In contrast to the above results, it is interesting to note that 
rats inoculated by Duke with the situtunga strain from Damba in 
1912 were unaffected by 1-0 c.c. of human serum, trypanosomes being 
present in fresh films of their blood for at least 6 days after the 
injection (Duke, 1912). 

Duke also found that three strains, isolated by him in 1920 
(Duke, 1921) and already referred to in Part I of this paper, were 
unaffected by human serum when tested in rabbits and guinea-pigs. 
‘The serum was given half an hour before the inoculation of trypano- 
somes or else mixed with them. ‘The animals were not protected 
from infection. 

3. THE EFFECT OF ATOXYL ON STRAINS DAMBA II AND III IN 
Mice. The effect of atoxyl on the two Damba strains II and III was 
tested in mice in the following way :— 

The mice were inoculated intraperitoneally, usually from 
guinea-pigs, sometimes from other mice or from monkeys. Fresh 
blood films were examined daily. 

As described in the last section, there is usually a negative period 
in the early days of the infection. As far as possible, the dose of 
atoxyl was not given till this negative period had been demonstrated. 
Some of the mice, however, were injected with atoxyl on the fifth 
day without waiting for the relapse to occur. ‘There was not sufficient 
evidence to determine whether there was any difference in the 
sensitiveness of the strain to atoxyl before or after the relapse. 

The atoxyl was given intraperitoneally in solution in water, the 
dose being adjusted to be within workable limits, that is, between 
0-2 c.c. and 1-0 c.c. per mouse. ‘The results are shown in the 
following ‘Tables, which show that the Damba II strain is almost 
unaffected by 0-025 gms. per kilo., but is removed from the peripheral - 
blood by 0-05 gms. With strain Damba III the results are somewhat 
contradictory : it appears to be slightly affected by 0-025 gms. per 
kilo. in 5 out of 7 mice, but 2 out of 5 mice that received 0-05 gms. 
per kilo. were unaffected. A dose of 0-1 gm. per kilo., however, 
removed trypanosomes from the peripheral blood for at least a week 
in all three mice tested. 
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"TABLE IV 


The effect of atoxyl on strain Damba II in mice 


























Day after 
infecting Result of fresh film examination 
Animal Dose of atoxy] inoculation on successive days following 
on which injection 
atoxyl was 
injected 
Mouse 3 _—_—- 0-025 gms. per kilo. 9th ok 
Mouse 4 0-025 gms. _, 10th ee  ecaiiiae ae 
Mouse 7 0-025 gms. = 9th few, few, + + 
Mouse 8 0-025 gms. Se llth + + +, aie 
Mouse 5 0-05 gms. ” 10th few, few, —, few, + + 
Mouse | 0-05 gms. . 9th few, ——-—— + + 
Mouse 2 0-05 gms. ; 9th ++4+-—-——+t+ 





‘T'wo monkeys infected with strain Damba III received doses of 
atoxyl ; they are mentioned here because it is interesting to compare 
their response to atoxyl with that recorded by Duke (1927). His 
five control monkeys, infected with a strain recovered from a situtunga 
from Damba Island in February, 1924, were given doses of atoxyl of 
0-01, 0-028, 0-028, 0-028 and 0-02 gms. per kilo., and trypanosomes 
disappeared from the blood for 9, 19, 11, 10 and 9 days respectively. 

The doses of atoxyl given to the two monkeys and their response 
to the drug were as follows :— 

Monkey 1093 was given 0-03 gms. per kilo. on the eighteenth 
day after inoculation. It was positive on the nineteenth day, negative 
for 3 days, then relapsed. 

Monkey 1106 was given 0-05 gms. per kilo. on the thirteenth 
day after inoculation, was negative for 10 days, and then relapsed. 

These results indicate an increased resistance to atoxyl in the 
1932 strain compared with that of the Damba strain isolated in 1924. 
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TABLE V 
The effect of atoxyl on strain Damba III in mice 


















































Day after 
infecting Result of fresh film examination 
Animal Dose of atoxyl inoculation on successive days following 
on which infection 
atoxyl was 
injected 
Mouse 6 0-025 gms. per kilo 18th +, few, — —, few, -++ (— spon- 
taneously on the 14th, 15th and 
16th day) 
Mouse 7 0-025 gms. a 9th = aie siliee alin site, wiika lie aie 
Mouse 12 0-025 gms. i 7th + + + 
Mouse 14 | 0:025 gms. ‘i 5th ++-—O0O+ 
Mouse 15 0-025 gms. i 5th +, few, —OO + 
Mouse 17 | 0-025 gms. .: 5th very few, —, few, few, + 
Mouse 18 | 0-025 gms. ‘i 5th few, — —, few, + 
Mouse 1 | 0-05 gms. ” 14th pcs pe aro 
Mouse 4 | 0-05 gms. m 9th very few, — — — — — — -+- 
Mouse 9 _ 0-05 gms. o 16th | few, few, — — — — 
Mouse 16 | 0-05 gms. ‘ 5th +——OO0O— 
Mouse 19 (0-05 gms. roe 10th '++4++4++4 
Mouse 2 0-1 gms. ” EE lonelemeimeneeiaiam + 
Mouse 3 0:1 gms. ‘i 14th ee ee ee me cee cen come ae 
Mouse 5 _— 0:1 gms. ‘i th | ———-—-—----- died 





4. Some RED-CELL ADHESION TESTS WITH 'TRYPANOSOMES AND 
SERA FROM ANIMALS INFECTED WITH STRAINS Damsa IJ, II ano III. 
As explained in a previous paper (Duke and Wallace, 1930), 
experiments in red-cell adhesion, especially with gambiense strains, 
cannot always be made in accordance with any predetermined 





562 


programme ; they have to be done when there are sufficient trypano- 
somes present in the peripheral blood of the infected animal. ‘There 
are, therefore, unavoidable gaps in the following series. The technique 
used was that described by Wallace and Wormall (1931). 

‘The following is a summary of the animals used :— 

Strain Damba |: 3 guinea-pigs as source of trypanosomes ; 
1 monkey supplying ‘ adhesin plasma.’ 

Strain Damba II : ‘Trypanosomes from 1 monkey and | guinea- 
pig ; no animal available for adhesin plasma. 

Strain Damba III: 3 monkeys, 1 guinea-pig and 1 mouse as 
sources of trypanosomes ; 5 monkeys supplying adhesin plasma. 


The following Tables give the results of the tests. A ‘ positive ’ 


test is one in which at least 50 per cent. of the trypanosomes show 
adherent red-cells. 
TABLE VI 
Adhesion tests with Damba trypanosomes 









































‘Trypano- 
oie Plasmas 
Homologous Other Damba ' : : 
vi . gambiense rhodesiense brucei 
same strain strains 
Damba_ I 2 positive 0 positive 0 positive 0 positive 0 positive 
4 tested _ Ttested | 8tested | Stested 2 tested 
Damba_ II none tested 1 positive 1 positive none tested 0 positive 
7 tested 6 tested | | 5 tested 
Damba III 1 positive 1 positive 2 positive 0 positive 1 positive 
4 tested 1 tested 22 tested 3 tested 9 tested 
Tas_e VII 
Adhesion tests with Damba plasmas 
Plasmas ‘Trypanosomes 
Damba_ I 2 positive 0 positive 0 positive 0 positive 1 positive 
4 tested 3tested 1 tested S8tested 7 tested 
| | ” 
Damba III 1 positive 1 positive | OQ positive | 3 positive | 8 positive 
4 tested 13 tested | 3 tested | 26 tested 18 tested 





No plasmas of strain Damba II were available 
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These ‘lables show that all three strains of trypanosomes reacted 
with their homologous plasmas ; Damba II and III also reacted with 
other Damba strains. Damba II trypanosomes reacted with gambiense 
plasma, but not with rhodesiense and brucei plasmas. Damba III 
strain reacted with gambiense and brucei, but not with rhodesiense 
plasmas. 

Damba I plasma reacted with Damba I trypanosomes and in 
addition only with 7°. brucei. 

Damba II plasma was not tested. Damba III plasma did not 
react with 7. gambiense, but reacted with 7. rhodesiense and with 
I. brucei. With T. brucei, 8 positive tests out of 18 tested were 
obtained using two strains of this trypanosome. 

Fifty per cent. was regarded as the minimum degree of adhesion 
to justify a ‘ positive ’ diagnosis in the clinical test (Duke and Wallace, 
1930). ‘This figure is more or less arbitrary, and was fixed high to 
exclude non-specific adhesion by a wide margin, although in plasmas 
from 100 normal natives these non-specific reactions never exceeded 
6 per cent. of trypanosomes adherent in any one test. 

Further support for the figure of 59) per cent. was given by the 
fact that, in a series of tests on sleeping sickness cases in the field, the 
positive reactions were all at least as high as this; there were no 
uncertain responses. 

Since this figure of 50 per cent. adhesion is arbitrary, we may 
lower the standard in the present series of experiments, in which we 
aim at detecting relationship between different strains and not the 
diagnosis of human trypanosomiasis. 

Taking, therefore, 20 per cent. as the standard, instead of 50) per 
cent., we get a higher proportion of positive results with homologous 
strains and also an increase in the number of cross reactions. ‘Thus 
Damba I plasma gives a reaction with 7. gambiense (one positive, one 
test) and also with 7. rhodesiense (one positive out of 8 tests), while 
Damba III plasma also gives one positive out of 3 tests with 
I’. gambiense. 

To sum up, red-cell adhesion experiments have demonstrated 
that there is some affinity between the Damba trypanosome and the 
three better-known polymorphic trypanosomes, 7’. gambiense, T. brucei 
and 7’. rhodesiense. ‘There are insufficient tests for a strict comparison, 
but it must be remembered that a negative test does not necessarily 
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mean that there is no relationship between the strains tested : it may 
be due to some interfering factor not yet recognised, possibly some 
anti-complementary substance, for it is practically certain that 
complement is necessary for appearance of the adhesion phenomenon 
(Wallace and Wormall, 1931). 

‘aking the results as they stand, the cross reaction for which 
there is the highest proportion of ‘ positives ’ is that between strain 
Damba III and 7. brucei ; but we are not justified in taking this as 
proof of a closer relation between the Damba trypanosome and 
T. brucei than between it and the other two polymorphic trypano- 
somes, for the total number of tests is small, and previous work on 
adhesion (Duke and Wallace, 1930) suggests that a reaction with 
T. brucei or T. rhodesiense does not occur so readily, is more transient, 
and is not so specific as a reaction with 7. gambiense. 

5. ‘THE PRESENCE OF POSTERO-NUCLEAR Forms. An examination 
was made of stained films from the blood of two rats and one mouse, 
infected with strain Damba II], for the presence of postero-nuclear 
forms. 

Mouse 21 was inoculated 22.6.33 and examined daily for nine 
days. ‘lwo hundred trypanosomes were counted per day, and no 
postero-nuclear forms were seen. 


Rat 11 was inoculated 22.6.3 ; 


On 29.6,33 200 trypanosomes counted. No postero-nuclear forms seen. 


29.6.33 200 ™ » 3 a " 
30.6,33 200 “ " 2 * * 
1.6.33 200 “ = 5 “ ~ 
3.6.33 200 re ‘ 30) a ” 


Rat 12 was inoculated 22.6.33 ; 


On 27.6.33 200 trypanosomes counted. No postero-nuclear forms seen. 


28.6.33 200 is - No ‘ - ‘ 
29.6.33 200 m . No - - » 
30.6.33 200 . I " - is 
1.7.33 200 l ; r 
4.7.33 200 - ‘ I ” 
5.7.33 200 . ‘ I , » ” 
6.7.33 200 is 3 r» ” 


When first examined in 1912 (Duke, 1912), no search was made 
for postero-nuclear forms. In 1920, these forms were demonstrated 
in the mainland fly strain, Damba wild fly strain, and also in the 
strain from Damba antelope (Duke, 1921). 
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DISCUSSION 

‘hese Damba trypanosomes are interesting because they are the 
present-day representatives of the polymorphic group in a region 
that was the scene of an epidemic some 30 years ago and has since 
been uninhabited by man. 

As pointed out by Duke (1912), these strains must either be the 
descendants of the 7°. gambiense that caused the epidemic, or some 
form of 7. brucei from the cattle present on Damba with the native 
population. Investigation of the strain isolated in 1920 led to the 
hypothesis that prolonged adaptation of 7. gambiense to antelope 
tends to give it the characteristics of 7. brucei (Duke, 1921). 

If the Damba trypanosomes are the descendants of the original 
T. gambiense, their attributes to-day, taken with those of the strains 
isolated in 1911 and in 1920, certainly support this hypothesis of the 
modification of 7°. gambiense by its prolonged sojourn in the antelope, 
for they are intermediate between typical 7. gambiense and typical 
T.. brucei, as shown by virulence, sensitiveness to human serum, and 
adhesion reaction. 

Kleine (1928) found that, towards the end of an epidemic of 
trypanosomiasis rhodesiensis, the trypanosomes isolated were indis- 
tinguishable by laboratory tests from 7. gambiense ; and it seems 
reasonable to suppose that the converse change from 7°. gambiense to 
T. brucet may occur. 

Further evidence for the change towards 7’. brucei of the trypano- 
somes in the lake shore fly, still on the assumption that it began as 
7’. gambiense and not as T. brucei, is given by the ‘ Fishermen Experi- 
ment ’ mentioned in the introduction to this series of papers (Duke, 
1932a), in which it was found that large numbers of Lake Victoria 
fishermen examined over a number of years, though necessarily 
exposed to G. palpalis, were not infected ; and, finally, it has been 
shown by direct experiment on volunteers that the present-day Damba 
strain cannot infect man (Duke, 1932a). 

If it is suggested that, on the contrary, the Damba trypanosome 
is not and never was 7. gambiense but is a modified 7. brucet, the 
obvious question is, why is it not typical 7. brucei?) Why should it 
be modified in the direction of 7. gambiense, or indeed why should it 
be modified at all? It is no longer possible to prove the origin of 
the Damba trypanosome, but the possibility that 7. brucei may adapt 
itself to man is of great practical and academic importance. 
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The suggestion (Yorke e¢ a/.) that the power of a trypanosome 
to invade man can be correlated with the possession of a resistance to 
human serum has been somewhat discounted by recent experimental 
work by Corson (1933), Fairbairn (1933) and Adams (1933) ; it 
seems certain now that the solution of the problem will only be 
reached by direct experiment on man. 


SUMMARY 


|. A record is given of the length of life of laboratory animals 
infected with three strains of polymorphic trypanosomes isolated 
from wild Glossina palpalis on Damba Island, Lake Victoria, in 1932. 
‘These strains were found to be slightly more virulent than strains 
isolated and tested in 1920. 

2. ‘Two of the strains were tested in rats and mice with human 
serum and found to be susceptible. 

3. Two of the strains were tested with atoxyl in mice. ‘The 
dose required temporarily to clear the peripheral blood was from 
0-05 to 0-1 gms. per kilo. Strain Damba III in monkeys was found 
to be more resistant to atoxyl than a strain of Damba trypanosome 
tested in 1924. 

4, Red-cell adhesion tests made with the three strains show 
relationships between them and also cross reactions with 7. gambiense, 
T. rhodesiense and T. brucei. ‘There is not sufficient evidence to 
determine which of these trypanosomes bears the closest relationship 
to the Damba strains. 

5. The characters of the present-day Damba_ trypanosomes 
afford some evidence in support of Duke’s hypothesis that sojourn 
in antelope may modify 7. gambiense in the direction of T. brucet. 

In conclusion, my thanks are due to Dr. H. Lyndhurst Duke, 
O.B.E., for the use of the three Damba strains isolated by him, and 
for his advice. 
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Until a few years ago, the programme of work at the Entebbe 
Laboratory was concerned mainly with 7’. gambiense and the nearly 
allied Damba trypanosomes. Serious study of 7. rhodestense 
first became possible on the arrival in Uganda of the League of 
Nations Commission in 1926, and it soon became evident that this 
trypanosome was readily transmissible by G. palpalis, a tsetse with 
which it does not commonly associate in nature (Duke, 1928). With 
increasing experience of its peculiarities, the impression gradually 
formed that 7°. rhodesiense was on the whole more readily infective 
to G. palpalis than the majority of strains of 7. gambiense and of the 
Damba trypanosome hitherto examined in Uganda. Sufficient 
data have now been accumulated at the Institute to warrant an 
examination of the accuracy of this impression, and it is the main 
object of this paper to do this. 

After a careful review of the figures, the method of presentation 
adopted below has been selected as the most informative. ‘The 
three 'l'ables show data relating to the transmissibility, at the time of 
or shortly after their first isolation, of a number of strains of 
T. gambiense, T. rhodesiense and tsetse-carried polymorphic trypano- 
somes from sources other than man (in other words, 7’. druce?). 
The data are set forth according to the method adopted in the Final 
Report of the League of Nations Commission (Duke, 1928). Only 
the earlier passages of each strain are included, and the figures 


obtained with each animal of these passages are given separately. 
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Many of the totals -especially those of earlier experiments—are 
obviously too small to give any but a very rough idea of the trans- 
missibility. 

‘The clean flies used in these tests were applied in boxes of 
50 or so, the flies of each box feeding twice, with 48 hours’ starvation 
between the feeds. As far as possible, feedings were arranged so that 
at least a batch of flies fed on the animal each day for some 7-10 
consecutive days. Information is gradually being collected about 
Robertson’s views on the endogenous cycle in the vertebrate (Robert- 
son, 1913), but all investigators are agreed that the infectivity to 
Glossina of any animal’s trypanosomes often varies greatly from 
day to day. 

There is now no longer any serious doubt that strains of poly- 
morphic trypanosomes do differ in their ability to utilize tsetse, 
and the systematic study of this particular attribute will assuredly 
enlarge our understanding of these parasites. ‘lhe figures in the 
Tables do not represent by any means all the data accumulated 
at Entebbe, but they are sufficient for the purpose of this study. 
‘The strains were not specially selected, and, as stated above, only 
the earlier passages after their original isolation are included. Many 
of these figures have already appeared in previous publications. 

The transmissibility indices given in the Tables are calculated 


from the formula : 


Ss n < 100 
| y = — 4 Rony Seve aa 
p N 


where 'l'= transmissibility index ; N == total number of flies dissected ; 
n =total number of flagellate-containing flies; p = number of 
infected flies of 25 days old or over; and s = the number of 
these mature infected flies that show gland infections. ‘The total 
percentage of infected flies is called the infectivity index ; the fraction 
S 
, the metacyclic index. 

p 

In the Tables, three points should be specially noted. First, 
in column 5, the total percentage of positive flies produced by each 
strain (infectivity index) ; secondly, in columns 6 and 7, the proportion 
of flies, 25 days old and more, which have gland infections (metacyclic 
index) ; and thirdly, in column 7, the transmissibility index. It will 
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be seen that a strain (such as no. III) may be readily infective to 


fly and yet produce no gland infections. 


Again, in some strains, 


such as T. gambiense XV and T. rhodesiense L in the Tables, all flies 


living 25 days or longer have gland infections. 


But in the great 


majority of strains some of these old infected flies have no flagellates 


in their glands. 
In the fraction denoting the metacyclic index (column 7) the 
days old or older, 


denominator is the number of infected flies 
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Single tests 


s |g 
Z | €¢ 
Se &e 
Ze cs 
60 15-0 
61 11-4 
34) 15-3 
47 12-7 
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and the numerator shows how many of these had gland infections. 


It will be noticed that the transmissibility index cannot be greater 
than the total percentage of infected flies (infectivity index) ; also 
that there are strains whose general infectivity is low, notwithstanding 
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g. 341 191: 12 6-2 3-4 5/9 40 12-5 
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LV. m. 981 137 1] 8-0 4°5 4/7 31 12 -9 
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1018 19] 11 5-7 4-9 6/7 50 12-0 


In this Table, the letter p indicates that the strain was derived from wild G. palpalis, 
not game tsetse. 


that every infected fly of 25 days old or more has its glands infected 
(e.g., T. gambiense XII and T. rhodesiense X11). 

The two right-hand columns in the Tables relate to single boxes 
of flies. From each test on an animal the box was selected which 
showed the highest total percentage of infected flies, irrespective 
of, but including, gland infections. ‘These two columns thus show 
the highest infectivity manifested by the strain during the period of 


the endogenous cycle covered by the test. 
It must be remembered that the object of the Tables is to show 
whether the three principal polymorphic trypanosomes differ in 











yu90 Jod ¢@.77 


= 








‘yu90 Jod QO] = = *yu99 Jod QF 
‘yu90 Jod ce = TI "qua9 9d 99 
0G It 
9-§ = (2) 
UOIDII ISJIS} OULD WO] SUTRIRS JO 
Oe L°? 
1 
~ 
Nev een 


‘yua0 Jod §-~ = (1) UOTBII asjas} 


L ‘qu90 19d F-e e 
Cl ‘yuod dod cy] 6 
OG "yU99 Jod ¢. PE rac 





SII PoydajUl JO “7UID 
Jod gz ueyy s10W BUIAIS Joquinny 
; SI, poazUI JO “judd 
Jod cy uey) dow SUIAIS Joquinyy 


ee eee 


SITE pezyofUl JO “YUVd 


Jod g, UvYy d1OW BuIAIS Joquinyy 


sJaquuinu [10 7, 
—S]SI] apBursy 





uleIs 
Jod Xopul A}IfIGISsIlUsUuRI] IDRIDAY 





‘yuod Jod c.-+F 





aumesd WOI, BSUIVUISIIO SUTeIS 10.] SUIRIJS IIQISSIUUSUBI} QZ 94} UT 
qU99 Jod g.~ = "Judd Jod f.F 98}9S} 
9849S} payojulr yey? TPT 9Yyi UT "JU99 19d §-9 proojur yey. suIeysS cE 92 UT 
yuUa0 Jad 9.) = | 0 ‘yu90 Jod §z 1] 
rea Ic "yu9d Jod TL = gz 
reat le LE 


wa9ndg “DL ISUIISIPOYA * 


II] pue J] ‘] 


ISUIIQUIDS * 


So[qu J, UI BVP [wIQUSSO Jo ATRUTWUNG 


AL T19v iL 


EERE EIR ms 


uleijys tod 
SOI payojur Jo “judo Jod aseIIAy 





9] QISSTUsURI}-UOU “ON 
‘** QTQISsTUISURI] “ON 
SuIvijs JO JOqUINU j[eI0 7, 





iE Ng “f ‘ eh Ee 








576 


their ability to develop in Glossina, and for this purpose the highest 
figures supplied by a strain have a special importance—even though 
the totals involved be small. 

In addition to their main theme, the ‘Tables suggest that 
individuals of a mammalian species may differ in the effects they pro- 
duce on the transmissibility of a trypanosome : a strain developing 
in one individual may find itself better able to utilize the tsetse 
than the same strain living in another. Such differences in verte- 
brate hosts are not apparently associated with any recognisable 
clinical manifestation or syndrome, and experience has shown that 
the inhibitory influence of an individual host is often restricted to 
that host, especially in chronic infections. Change from one species 
of host animal to another may also be attended by great changes 
in the transmissibility of a strain. Indications of this kind occur 
so frequently in the records of the laboratory that they cannot be 


due entirely to chance. 
DISCUSSION 


‘The ‘lables given in this paper show that, for the strains therein 
examined, 7°. rhodesiense is as a general rule more readily transmitted 
by G. palpalis than T. gambiense. Some ideas suggested by this 
conclusion will now briefly be discussed. 

G. palpalis is not the normal intermediary of 7. rhodesiense, 
the tsetse responsible for carrying this trypanosome in East and 
Central Africa being G. morsitans and G. swynnertont ; and of these 
two flies there is reason to believe that G. morsitans is a better carrier 
of trypanosomes than G. palpalis (Duke, 1933). It is therefore 
interesting to find that JT. rhodesiense is better adapted to the 
G. palpalis of Uganda than strains of 7. gambiense which depend 
upon this fly for their spread in nature. Whether this superiority 
will survive repeated cyclical passage through G. palpalis is a matter 
that is now under investigation. 

The adaptation of 7. rhodesiense to Glossina may be due solely 
to long dependence on a species of tsetse which offers relatively 
little opposition to the evolving trypanosome in its efforts at establish- 
ment in the fly, or it may result from more intricate adjustments 


between the parasite and both its intermediate and its vertebrate 
hosts. But, whatever be the progress made by members of the 
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polymorphic group of trypanosomes in their adaptation to Glossina, 
there is no question that they have attained a very high degree of 
adjustment to the wild ruminants upon which the game tsetses feed, 
and any attempt to estimate the efficiency of a trypanosome in nature 
must take into account its relation to both its hosts. 

We can with comparative ease determine experimentally 
by transmitting it cyclically for a number of generations—whcether 
a species of tsetse with which a trypanosome is normally unfamiliar 
can produce any change in the characters of the protozoan. If, 
for example, when a poorly transmissible 7°. gambiense is transmitted 
by G. morsitans an increase in transmissibility results, then the 
difference between 7. gambiense and T’. rhodesiense revealed in the 
‘lables of this paper is easily intelligible, and we can accept the 
simple explanation that 7’. rhodesiense is merely T. gambiense that has 
learnt to reply on a game tsetse for its spread in nature. But 
difference in transmissibility is by no means the only difference 
between 7. rhodesiense and T. gambiense ; indeed, in all its characters, 
save pathogenicity to man, 7°. rhodesiense resembles 7. brucet more 
closely than it does 7. gambiense. If, then, the tsetse--G. morsitans 
or perhaps some other game tsetse —is alone responsible for the 
alteration from one type of trypanosome to the other, it has much to 
change. 

If, on the other hand, 7. rhodesiense is really T. brucei in man’s 
blood, then its superior adaptation to tsetse and all the other char- 
acters by which it differs from 7. gambiense are at once explained. 
An ample and readily accessible supply of wild ruminants, well suited 
to the requirements of the trypanosome and in intimate contact 
with the insect intermediary, have produced in the course of ages 
a well-balanced and flourishing parasite, ‘ 7. brucei,’ adjusted to 
both intermediate and definitive hosts. ‘The only distinction 
existing between the widespread and successful 7°. bruce: and the 
trypanosome known as 7’. rhodesiense is that of pathogenicity to man 
—an arbitrary distinction involving the rash assumption that this 
quality is a fixed character of the trypanosome. 

And now a word about this power of invading man, to which 
such exaggerated importance has been attached. Investigations 
still in progress at the Institute have shown in the last few weeks 
that 7. rhodesiense may in certain circumstances lose this power. 
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:vidently, therefore, pathogenicity to man—a character to which 
specific value has been attached by some workers——is not a deep- 
seated and essential feature in the organisation of this trypanosome ; 
and consequently it is not entitled to the respect which it has hitherto 
received. 

Accordingly, there is no obvious obstacle to the assumption 
that, in certain circumstances, a strain of trypanosomes originally 
non-pathogenic to man may learn to overcome this disability, should 
the exigencies of its own existence demand it. 

If we consider the evolution of a trypanosome towards the ideal 
of a blood parasite-—harmless to its vertebrate host and readily 
transmissible by its invertebrate intermediary—there seems to be 
no obvious biological incentive for the tsetse, per se, to vary 1n its 
transmitting power. ‘The onus of improvement is clearly on the 
parasite, which confers no apparent benefits on either of its hosts. 
The fact—af it be confirmed—that the different species of Glossina 
differ in their ability to transmit trypanosomes may well influence 
the progress of the evolution of the parasites. For example, ceteris 
paribus, a trypanosome will have better opportunities of adapting 
itself to its vertebrate hosts where the tsetse is naturally a good 
transmitter. ‘The existing adaptation of the three polymorphic 
trypanosomes to antelope must surely be ascribed to natural selection 
acting for ages of time ; and here selection will tend to modify both 
vertebrate and trypanosome, for adjustment is equally important to 
both. 

If, then, 7. rhodesiense is merely 7. gambiense circulating in 
man (and in game) by the agency of game tsetses instead of by its 
normal carrier, G. palpalis, surely it is remarkable to find such great 
changes in the characters of the trypanosome appearing in sO com- 
paratively short a time. For, although the first appearance of 
trypanosomiasis rhodesiensis in man in Northern ‘Tanganyika may, 
it is true, date back a year or two further than is generally believed, 
native testimony makes it almost inconceivable that the disease has 
been prevalent in man for any long period of time. 

The first strain examined from the Mwanza-Ikoma area of 


Northern ‘Tanganyika ‘Territory proved readily transmissible by 
G. palpalis and behaved in other respects like typical 7. gambiense, 
when examined at Entebbe in 1922 (Table II, nos. 1 and 2); and 
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the same was true of another strain from the same area sent to the 
Commission by Dr. Corson in 1927 (Lab. no. XX). ‘The epidemic 
was first definitely recognised in 1920. Early in 1918, Dr. Andrew 
Balfour saw a slide taken from a case of human trypanosomiasis 
in Mwanza hospital, and a case from this area suggestive of —but 
not proved to be—human trypanosomiasis died in Mwanza hospital 
early in 1919 (Duke, 1923). 

It is true that Kleine in 1927 found among a number of strains 
of 7. rhodestense examined in the area some whose virulence in 
laboratory animals resembled that of 7°. gambiense. But changes 
in virulence are known to occur in comparatively short periods 
of time. ‘The only available information about the transmissibility 
of Kleine’s strains is that given by nos. XXI and XXII of ‘Table II, 
the number of flies used being small, with both the strains and the 
period covered by their investigation very short. 

Diminution of the virulence of a trypanosome towards the end 
of the epidemic is to be expected if the parasite is making any progress 
in its efforts to adopt man as a host (Duke, 1930). 

But, if 7. rhodesiense is T. brucei established in man, one would 
expect to recognise the signs of its age-long association with the 
game and their tsetses in the form of ready transmissibility by tsetse 
and a high degree of adaptation to its game hosts. Recent work on 
T.. rhodesiense at Entebbe has demonstrated in a very striking manner 
its possession of this latter quality, and the figures in ‘lable II testify 
to its infectivity to tsetse. TJ. gambiense has never really succeeded 
in adapting itself to man in the way that 7°. brucei has to game, a mark 
of this failure being the appalling death roll due to sleeping sickness 
in past years. Where its contact with man is most ancient (as in 
certain parts of West Africa), there the adjustment to man reaches 
its highest development. Very recently a strain has been received 
from the extreme south of the Belgian Congo which suggests that 
here also a high degree of adaptation to man has been attained. 
I owe the opportunity of examining this strain to the commend e 
initiative of Dr. Barlovatz, of ‘Tshikapa, Kasai, and to the Congo 
and ‘l'anganyika authorities for ensuring its safe passage across some 
1,600 miles of country. Dr. Barlovatz writes (4.1.33) that he has 
recently re-examined 5 natives who in July, 1929, had all been 
found infected with TJ. gambiense, trypanosomes being found 
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in their lymphatic glands. All were untreated, and when examined 
in October, 1932, were apparently in perfect health; their 
cerebro-spinal fluid was normal, and a careful clinical examina- 
tion failed to reveal any signs of illness. In two of them centrifuga- 
tion of the blood revealed scanty trypanosomes, in one on the fourth 
and the other on the fifth centrifugation. Unfortunately, only one 
of these strains reached Entebbe, in a guinea-pig ; the other animals 
inoculated at ‘I’shikapa failed to take, a failure in keeping with my 
own experience of attempting to isolate mild 7. gambiense strains 
from man. ‘The patient supplying this strain, a woman of 50, was 
examined on 15 successive days by triple centrifugation of the blood, 
and on one occasion only were sparse trypanosomes seen. Her 
general condition was good, and there were no enlarged glands or 
other symptoms of illness. ‘The C.S.F. was normal. During 
her period of examination the patient had an epileptic seizure. 
‘This strain is not included in the ‘lables, as its diagnosis is not yet 
quite certain. In addition to its mildness in man, the strain is readily 
transmissible by the Lake Victoria G. palpalis, a total of 551 flies 
showing infectivity, metacychc and transmissibility indices of 3-4 per 
cent., 12/14 and 2-9 respectively. The highest percentage for an 
individual experiment was 12-5 per cent. in 48 flies. On its first 
arrival, the strain was remarkable for its great virulence in rats and 
mice, but this is diminishing after 4 months at the laboratory. In 
4 monkeys the average duration of the disease was 35 days. ‘The 
strain in guinea-pigs showed posterior-nuclear forms up to 2 per cent. 
of all trypanosomes counted in rats, and up to 5-5 per cent. in mice. 
Lastly, when examined by the adhesion test the strain responded 
in high titre to 7°. gambiense elements—serum or plasma or trypano- 
somes, as the case might be—but there was also some response 
to 7. rhodesiense plasma, though not in so pronounced a degree. 
Here, then, is a strain of 7. gambiense, in some ways atypical, but 


possessing apparently a high degree of adjustment to man. 

This strain illustrates yet another point of great interest, upon 
which attention has been focussed of late both in East and West 
Africa, viz., the possession of considerable natural resistance to 
arsenic—a quality possessed by both 7. brucez and T. rhodesiense. 
‘Thus, in rats, doses up to 0-1 grm. per kilo. had no effect, and 
0-2 and 0-3 grm. per kilo. led to a disappearance of trypanosomes 
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from the peripheral blood for 4-5 days only. At the moment 
of writing, full information is lacking about the species Of tsetse 
occurring in this remote district, but the case was regarded by the 
Congo authorities as one of trypanosomiasis gambiensis, and presum- 
ably the strain was carried by G. palpalis. 

Dr. L. Van Hoof informs me by letter from Leopoldville that 
he also is finding strains of 7. gambiense, isolated from untreated 
natives along the River Congo, that possess considerable natural 
drug resistance, in one case even against ‘ Bayer 205.’ 

On the West Coast, an examination of a number of strains 
isolated from man in sleeping sickness areas, and all hitherto regarded 
as T. gambiense, has shown that some of them resemble 7°. rhodestense 
in certain important respects. ‘Three species of tsetse come within 
the purview of the West Coast investigators, G. morsitans, G. tachi- 
noides and G. palpalis, the last two being known to spread human 
trypanosomiasis. G. morsitans has not yet been found in West Africa 
to feed on reptiles ; G. tachinoides and palpalis both feed on reptiles 
and on man, and the former especially also feeds on game animals. 

‘here are thus excellent opportunities here for interchange 
of polymorphic trypanosomes between game and man, and vice versa, 
by means of two (and possibly three) different species of tsetse. 
And, as noted above, the strains of human trypanosomes show 
considerable variety, some resembling 7. gambiense, others T. rhode- 
stense. ‘laylor’s recent work on the transmission of human trypano- 
somes by G. tachinoides suggests that this tsetse is an excellent 
cyclical transmitter, better considerably than the G. pulpalis of Lake 
Victoria. 

The differences between these strains in their response to 
arsenic and human serum and in their general virulence suggests 
that there are present in man in these West Coast regions a number 
of different types ranging from typical 7°. gambiense on the one hand 
to typical 7°. rhodesiense on the other. And in the game there occurs 
also T. brucet. 

Two explanations of this state of affairs suggest themselves. 
Iither all these human strains are varieties of one human trypanosome, 
zoologically distinct from 7. brucei, their differences being due 
to the influence of the species of mammal on which they chiefly 


depend in nature and on the tsetse that is mainly responsible for carry- 
H2 











582 


ingthem. Or they may all be strains of 7°. brucei that have for longer 
or shorter periods adopted man as their principal host—the pioneers 
being typical 7. gambiense, the later invaders showing at once their 
origin and their inexperience by their 7’. rhodesiense characters. 

‘The practical indication emerging from this discourse is the 
need for repeated experimental cyclical passage of 7. gambiense-— 
preferably of a feebly transmissible strain—through a game tsetse, 
to see whether any enhancement occurs in the transmissibility of 
the trypanosome and its virulence for small animals. The reverse 
experiment of passing 7. rhodesiense and T. brucei through G. palpalis 
has been in progress for some 18 months at Entebbe, and the results 
will be published shortly. Suffice it to say here that, as regards 
certain attributes of trypanosomes (arsenic resistance, the appearance 
of posterior-nuclear forms, and transmissibility by tsetse), no definite 
change was apparent after some 10 cyclical passages carried out 
at the Laboratory. It will perhaps be objected that 18 months or 
two years—or whatever be the duration of the experiment —is not 
long enough ; nevertheless, it is a test of stability that a trypanosome 
can never conceivably undergo in nature, where a constant inter- 
mingling of strains is going on in every fly belt and probably in every 
adult antelope. If the tsetse proves able to influence the characters 
of the trypanosomes which it carries, then we have a simple explana- 
tion for the appearance of 7’. rhodesiense in a game tsetse belt, namely, 
the introduction of 7. gambiense in man and its gradual conversion 
into the more virulent form. Butif prolonged cyclical passage through 
G. morsitans produces no noticeable alteration in 7. gambiense, 
then we must abandon this view for the much less easily demonstrable 
alternative that 7. gambiense, T. brucei and T. rhodesiense are all 
varieties of one widespread species, their differences being due 
to the species of vertebrate on which in the course of time they have 
become mainly dependent. 

Kleine’s view is that 7°. rhodesiense and T. gambtiense are one species 
zoologically distinct from 7’. brucei, T. rhodestense being the form 


taken by 7. gambiense when introduced into a new and non-immune 
population (Kleine, 1928). It is difficult, if not impossible, to test 
out this view on man himself, and a parallel test in any other animal 
isnot enough. But it is perhaps worthy of note that in the occasional 
instances where Europeans contract trypanosomiasis in a palpalis 
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area the trypanosome maintains the characters of 7°. gambiense. 

The fact, then, that T. rhodesiense appears better adapted to 
G. palpalis than is 7. gambiense suggests to the writer that 7°. rhode- 
siense is indeed 7. brucei that has but recently taken to man, forced 
thereto by the opening up of Africa and the disturbance of primitive 
conditions. In this connection it is interesting to note Nash’s observa- 
tions on the distaste shown under normal conditions by the females 
of G. morsitans for man’s blood, a dislike which is only overcome 
when game animals fail and the fly are seriously pressed for food 
(Nash, 1933). It is nowadays becoming increasingly evident that 
research in the future must attend particularly to man’s reaction 
to the trypanosomes of the polymorphic group. We have to find 
out why he resists the majority of game trypanosomes—a difficult 
problem indeed. We have also to test far more freely than has 
been possible until recent years wild strains of the polymorphic 
group on man. And, lastly, we have to determine how permanent 
and deep-seated is the quality of a polymorphic trypanosome that 


enables it to use man as a host. 
On solution of all these conundrums depends to a very great 


extent the future of large tracts of Africa. 
SUMMARY 


1. An examination of the Entebbe records of experiments 
on the transmission of 7. gambiense, T. rhodesiense and T. brucei 
by G. palpalis (and to a less extent by G. morsitans) shows that 
T’. rhodesiense is generally more readily cyclically transmissible by 
tsetse than 7. gambiense. 

2. The examination of strains of 7. brucei from game tsetse 
areas is too limited to warrant any useful comparison of this species 
with the other two. 

3. The greater adaptability of TJ. rhodesiense to tsetse has 
suggested reflections on the origin of this trypanosome and _ its 
affinities to 7’. gambiense and T. brucei, reflections that lend support 
to the belief that 7. rhodesiense is in reality T. brucei that has over- 
come man’s resistance. 

The alternative explanation, namely, that 7. rhodesiense is 
T. gambiense that has enjoyed a longer or shorter association with 
G. morsitans instead of with G. palpalis, is also considered, and 
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stress is laid on the need for direct experimental examination of 
this possibility. 
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COURSE, PROGNOSIS AND CLASSIFICATION 
OF HUMAN TRYPANOSOMIASIS 
BY 


A. BARLOVATZ 


(Medical Service, Société Internationale Forestiére et Miniére du Congo) 
(Received for publication 21 December, 1933) 


The course of human trypanosomiasis is usually described as follows : 
after an incubation of varying length, the parasites appear in the blood ; the 
lymph glands become involved ; later on, the nervous system becomes diseased ; 
the condition induces changes in the nervous centres which in due time 
cause lethargy and the other phenomena associated with sleeping sickness. 
Unless treated, human trypanosomiasis is generally held always to end fatally, 
though no definite proof of this has been forthcoming. 

The disease is divided into periods, which are believed to succeed each 
other, the first period showing trypanosomes in the blood and later in the 
lymph nodes, and a normal cerebro-spinal fluid. When this fluid is not normal, 
but no definite nervous symptoms exist, the patient is considered as belonging 
to the second period ; whereas the third period is characterized by nervous 
signs such as drowsiness, fatuousness, palsy, and so on. 

In this paper it is intended to set forth observations which seem to show that 
the periods outlined do not always follow each other regularly, that it is hardly 
possible to set to them a time-limit, and that chronic conditions with such 
slight symptoms as to be indistinguishable from perfect health do occur. 

If sleeping sickness passes regularly from the first to the second period, 
and then to the third, one would expect to find less diseased cerebro-spinal 
fluids when infection is recent, and more when the sickness has lasted for years. 

To ascertain whether this is so, series of lumbar and occipital punctures 
made during routine examinations of native populations were grouped and 
compared (Table I). In districts where regular and periodic examinations 
of the whole population are made, it is safe to admit that most of the natives 
found infected at the following examination have fallen sick, or at least have 
begun to show the first signs of sickness in the interval—most, and not all, 
because on routine examination in areas with low or moderate infection indices, 
as are all the areas referred to here, the patients without enlarged neck glands 
usually go unnoticed ; no parasites may be found on puncture of the glands ; 
a few people escape examination but are seen at the next inspection. 

It should be emphasized that all the lumbar and occipital punctures were 
performed with the same materials, the same technique, and by the same 
observer, so that they are really comparable. ‘The patients recorded in ‘Table I 
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were all diagnosed by finding trypanosomes in the cervical glands, and had as yet 
received no treatment. 

Patients diagnosed by other means were excluded from the statistics, 
as were also those who had themselves directed the physician’s attention to 
their condition. ‘This was deemed necessary because groups of voluntary 
patients, such as hospital patients, are not at all comparable with patients 
diagnosed during routine examination. In the former there are always too many 
third-period cases, whereas in the latter there are too few. 

All the districts drawn upon are fairly large, and the sick are distributed 
in a great number of locally independent and small village groups. Narrowly 
local conditions cannot be said to have influenced the sampling significantly. 
The average date of infection must be considered to be somewhat greater than 
half the time elapsed since the previous routine examination. 

As will be seen in the Table, there are no striking differences in the dis- 
tribution of cerebro-spinal changes, whether the last examination took place 
7 months, 2 years, 3 years earlier, or never before. ‘The figures are even best 
for those groups where no previous examination had ever been done, and where 
there are, therefore, presumably most old cases. 

The number of single cases in this Table is 774, i.e., large enough for 
percentage comparisons. It would be interesting, however, to repeat such 
comparisons in other areas, but care should be taken to use in the groups to be 
compared exactly the same technique for cell-counting and for measuring 
the albumen content of the fluids, as figures obtained by different techniques 
differ very much. 

The proportion of third-period patients seen in endemic areas never, or 
seldom, visited before is often surprisingly low, in my and other physicians’ 
experience, being usually less than 3 per cent. of the total number of patients. 
Too much stress should not be given to this figure, as natives with definite 
nervous symptoms are apt to hide, or have been taken to a hospital, and are 
not seen during the routine examination nor counted in the statistics. Never- 
theless, the small proportion of really bad cases suggests that the disease takes 
many years to complete its course, or that in a good many instances it may 
never do so, or both these alternatives. 

Table I suggests not only that pathological changes in the spinal fluid 
may progress very slowly, but also that they may appear in a patient and then 
disappear again, without any treatment. 

To test this, a number of cases of human trypanosomiasis were submitted 
to repeated lumbar and occipital punctures before beginning treatment, and the 
findings embodied in the appended chart. 

It will be seen that there is no general and regular upward trend of the 
leucocyte and albumen curves. Both these constituents of the spinal 
fluid oscillate not inconsiderably sometimes at rather short intervals, increasing 
in some patients and diminishing in others, or increasing and diminishing 
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in turn in the same patient. T.eucocyte and albumen curves sometimes converge 
and at other times diverge. 

Most, but not all, of these cases have rather low cell-counts. Very low 
cell-counts, say between 3 and 10 per c.mm., are held in some quarters to have 
no prognostic significance, but hyperalbuminosis is deemed to indicate involve- 
ment of the brain and to be much slower to disappear on treatment than 
leucocytosis. ‘The appended chart does not bear out this view; the albumen 
curve oscillates quite freely without interference, passing the normal point 
in both directions. 

It has been shown elsewhere that treatment by atoxyl often increases 
albuminosis of the spinal fluid within a few days, with or without a similar 
increase of leucocytosis. ‘he rapid decrease after tryparsamide is well known. 

In 1927, I made weekly lumbar punctures of third-period patients kept 
under tryparsamide given in weekly doses, who failed, after an initial improve- 
ment, to profit further by the treatment. ‘Their leucocytosis often showed 
oscillations which could not be explained by the amount of drug given, or by 
changes in diet or in habit, all these things being kept quite regular (unpublished). 

Patients whom the drugs given do not sterilize might be considered as 
examples of what happens in untreated cases. 

Muraz and Vaisseau state that tryparsamide sometimes fails to sterilize 
the peripheral circulation, the pathological changes in the spinal fluid becoming 
nevertheless normal. 

I have published a series of arsenic compound-resistant relapses showing 
about two-thirds of normal fluids, a much better proportion than what is found 
in patients taken at random (see ‘Table above). 

A similar series of old cases resistant to tryparsamide with blood and gland 
parasites during consecutive courses of treatment has been quite recently 
reported to me, the pathological changes in the fluid being much fewer than would 
have been expected. 

The following observation shows quick normalization of the fluid in a 
patient who received no treatment at the time when his cell-count dropped 
from 440 to 3 in 10 weeks. Unfortunately no trypanosomes were ever seen 
in him, but he displayed no other disease, and it must be borne in mind that the 
conditions leading to such definite changes in the fluid are not over numerous. 


Shamuhunga, male native, 30 years. Treated in 1929 with tryparsamide (20 grams) 
because suspected by a sanitary agent to be sick. Unfortunately no microscopical examina- 
tion at the time. On 15.8.32 no glands, no peripheral parasites (one examination), but 
on lumbar puncture 440 leucocytes per c.mm., and 0-30 albumen. Advised to undergo 
new treatment, but escaped, and seen again only on 30.10.32. Lumbar puncture : 3 leuco- 
cytes ; occipital puncture : 0-75 leucocytes ; albumen in both places below 0:20. No neck 
Several centrifugalizations of the blood negative, no fever, no other symptom of 


glands. 
disease. 


The history of another patient (Shatshikendu), who displayed first a per- 
fectly normal fluid, then a slight leucocytosis lasting several weeks, followed 
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by another normalization of several months’ duration, will be given in detail 
below. 

I had the opportunity of examining a group of natives who were all 
diagnosed by glandular puncture in July, 1929, by an old and experienced 
sanitary agent, and who received at that time no treatment at all, the paramount 
chief objecting to needles, and the area from which these patients came lying 
far outside the zone where regular campaigns against sleeping sickness 
are carried out. ‘The sanitary agent stayed only two days, mentioning especially 
in his papers that the patients found had received no treatment. 

Until I visited the area again in 1932, no other doctor or sanitary agent 
had been there ; there is no permanent white settlement, and the natives travel 
and trade very little. ‘The Belgian Congo is well provided with hospitals, 
and there are more than 250 physicians in the country ; the area mentioned is 
as far away from any hospital or dispensary as possible under these conditions, 
and is as remote and primitive as could well be wished to make sure that the 
patients concerned had no opportunity for treatment in the meantime. 

Nevertheless, 3 out of 17 patients diagnosed in 1929 claim to have received 
injections (of tryparsamide, as this 1s the standard drug used in the whole 
province) in T’shikapa hospital in 1930 (2 patients) and 1931 (1 patient). 

It is a matter for regret that we cannot be absolutely sure whether the other 
patients seen again in 1932 might not have received some treatment since 1929. 
But, unless such patients were kept for years in prison or in a closed hospital, 
the possibility of specific treatment cannot be absolutely excluded. In the 
cases mentioned here it is unlikely ; the natives themselves claim never to have 
received any needle in the arm or back, so that their word has to be taken for it. 

In this group of 17, 6 were said to have died by 1932 ; they are mentioned 
for the sake of completeness only. ‘Three others had had some treatment. 
The interest concentrates on numbers 10 to 17, all living, in apparent health, 
and having, with one exception, a quite normal cerebro-spinal fluid. 

Two patients (Mukuta and Tshihuna) were not subjected to centrifugaliza- 
tion of the blood often enough ; all the others who were still found infected 
had relatively few trypanosomes in their blood. 

I am well aware that centrifugalization does not lead to a numerical estimate, 
and that to compare the proportion of positive and negative centrifugalizations 
in a series does not yield quantitative estimates. However, this method tends 
to understate the quantitative differences, because, if a trypanosome density of 
4 will usually give a negative result, and 3 X a positive one, so will a density 
of 30 x. In both cases the result is noted as positive, though the blood may be 
swarming with parasites. 
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Patients diagnosed July 


TABLE II 


Ist, 1929, by glandular puncture, and examined (except those said to be 


dead) in September and October, 1932 





Said to have died ... 


Living. 


Living. 
Living. 


2 injections 1930 


12 injections 1931 
No treatment 


en r o> b> 
. . + . 


-_ 
we 
. + 


~J] 
. 


9. 
10, 
Il. 


12. 


13. 


14, 


16. 


| y 3 


Shatshoma 
Muatshinana 
Tshamba 
Mualukengeta 
Shatshikoko 
Humbula 
Shatende 


. Shahumbula 


Kangombe 
Mukungu 
Shatshikendu 


N’gombe 


Muyeketa 


Tshibue 


. Masangu 


Tshihuna 
Nama 
Mukuta 





Trypanosomes in lymph nodes. 5 blood 
centrifugalizations negative. Spinal fluid 
quite normal. General condition good. 

Neck glands infected. Blood centrifuga- 
lization negative. Nervous. Cell-count 
in spinal fluid 48, 

Apparently cured. 

Apparently cured. 

Good health, no sign of disease, but during 
winter 1932-33 spinal leucocytosis lasting 
several weeks. ‘Trypanosomes in heart 
blood of inoculated rabbit. 

Trypanosomes found once in centrifuga- 
lized blood in October, 1932, but never 
since. 

Neck glands negative. Blood centrifuga- 
lized 14 times, trypanosomes found once. 
Spinal fluid normal. 

Neck glands typical, but negative 4 times. 
On centrifugalization blood 6 times 
positive and 12 times negative. Spinal 
fluid quite normal. 

Neck glands positive. Centrifugalized 
blood twice positive and 13 times 
negative. Spinal fluid quite normal. 

Neck glands positive. Spinal fluid quite 
normal. 

Neck glands positive. 
Slight leucocytosis in spinal fluid. 


Blood positive. 
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These cases are arranged somewhat differently in the following Table. 


Cases 7, 8 and 9, who were treated in the meantime, are not included here. 


Same cases seen in 1929 and 3 years and 3 months later 














Silent trypanosomiasis : Neck glands positive : 
Spinal fluid Spinal fluid 
Said to be dead Cured — 
Normal Not normal Normal Not normal 
Shatshoma Mukungu N’gombe* Masangut Mukuta{ 
Muatshinana Shatshikendu* 
Tshamba Muyeketa Tshihuna{ 
Mualukengeta Tshibue 
Shatshikoko 
Humbula 





* spontaneously cured 1933. 
t trypanosomes very scarce in blood. 
{ blood not investigated for quantity of parasites. 


The following Table has been compiled from cases 7 (Shatende), 
8 (Shahumbula), 12 (N’gombe), 13 (Muyeketa), 14 (Tshibue), 16 (Masangu), 
17 (Mukuta), and another patient named Lufufa, who had displayed in 1929 
typically enlarged neck glands, without trypanosomes being found in them 
at the single microscopical examination made at that time. ‘Though there is, 
therefore, no proof that he was already sick in 1929, this is likely, as he came 
from a heavily infected village, and in such circumstances typical bilateral 
enlargement of the cervical glands is nearly always indicative of trypanosomiasis, 
though no parasites be seen in them. In 1932, this patient was found positive. 
He had received possibly one injection in 1929, but none since. 

The technique used for centrifugalization of the blood was Broden triple 
centrifugalization with citrate of sodium, a hand apparatus manufactured 
by Leitz being employed, and all the centrifugalizations being made under 
my direct supervision, in the same room where I stayed all the time, and at a 
short distance from me. 

To test the reliability of the technique further, 49 centrifugalizations were 
made with the blood of patients seen for the first time, in the same region, and 
in the same circumstances of apparatus, observation, personnel, citrate solution, 
and so on. Under these conditions, 33 of the 49 centrifugalizations proved 
positive, i.e., more than two-thirds. All the patients so examined had trypano- 
somes in their neck glands. A number of them had presumably been ill for years, 
as they all came from a country that had not been visited since 1929, and some 
of them had not been seen even at that time. 
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TaBLe III 

Density of trypanosomes in blood of 1929 patients seen again 1932, as measured by result of 
centrifugalization of the blood made at intervals of about one week. 

Abbreviations used: PG = puncture of the neck glands; ~+ positive ; — — negative ; 
TC = triple centrifugalization of blood ; OP = occipital puncture ; LP = lumbar puncture ; 
L. = leucocytes per cubic millimetre in spinal fluid ; alb. = albumen in spinal fluid measured by 
the method of Sicard and Cantaloube with trichloracetic acid ; alb. 0:4 = 0-4 grams albumen 
per 1,000; alb. -+ = albumen below 0-20; alb. + -| albumen between 0-20 and 0-40. 


Examinations made 1932. PG and OP were repeated, but mentioned only once 





Shatende Shahumbula N’gombe Muyeketa ‘Tshibue Masangu)  Mukuta Lufufa 
PG 4 PG + PG — PG — PG — PG + PG 4 PG 
OP :1-3L.; OP: 4°8L. \OP : 0-6 L|OP : 1-2 L.OP : 0-9 L..OP : 0-6 L.OP : 5-5 L.| OP:7 L. 
alb. 0-15 alb. 0:3 alb. +- alb. 0-15 alb. + alb. + alb. + alb. + 
(sp. fluid (sp. fluid (sp. fluid (sp. fluid (sp. fluid (sp. fluid (sp. fluid (sp. fluid 
normal) abnormal) normal) normal) normal) normal) slightly slightly 


abnormal) abnormal) 
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Out of a total of 92 triple centrifugalizations in this Table, 80 were negative 
and only 12 positive ; this means a percentage of 13°3 positive results as against 
67-3 per cent. which were obtained from cervical gland-positive patients taken 
at random. 

There can be no doubt that the difference is significant, all the more so 
because to compare the proportion of results in the two groups definitely 
understates the differences of trypanosome density in the blood. 

A remarkable feature is the prevalence of normal spinal fluids, which will 
be discussed further on. 

Something else can be seen in the Table, viz., the existence of silent 
(non-apparent) forms of human trypanosomiasis, forms which would escape 
any ordinary examination. 

The patient N’gombe had no neck glands worth speaking of, her spinal 
fluid was normal according to the best standards, at least as far as cell-count 
and albumen content are concerned, and her blood showed no parasites at the 
first triple centrifugalization. ‘There was no fever and no other signs of disease. 
The patient Muyeketa displayed exactly the same picture. In both, only 
the fifth centrifugalization revealed trypanosomes, but subsequent examinations 
did not. ‘Tshibue showed trypanosomes only at the fourth centrifugalization. 
If I had not known their history, and that they had not been treated in 1929, 
I should never have discovered that they were carrying trypanosomes. I 
dare say that even had they themselves drawn my attention to the possibility 
of some hidden disease, and asked for a special examination, still no trypano- 
somes would have been seen. 

Even inoculation into rodents or monkeys may in such cases fail to detect 
any parasites. 

I shall proceed now with the case histories in detail. It is as well to 
mention here that all these patients live in the small native villages of ‘Tshikay, 
Kamba Dongo and Shatende, which are not far from each other, and all of them 
heavily infected. About 20 new cases were found by me among a population 
not exceeding 9). One of these fresh patients (Muanagota) was observed 
for some time ; she had fever and general symptoms, rather numerous parasites 
in the venous blood, and guinea-pigs inoculated from her became infected 
and eventually died, after having shown morphologically typical T. gambiense. 

This means that normally virulent strains existed among these natives. 

It is, of course, possible that the peculiar features displayed by the patients 
described below are explained by a special strain of small virulence. Unless, 
however, this strain is rather widely distributed, at least in this part of Africa, 
it is difficult to see why the only patients among thousands of others. who have 
escaped a regular treatment, should be infected in addition with a distinctive 
strain of parasites. Rough probability does certainly not countenance the 
hypothesis of a narrowly local strain, 
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Here is an outline of the most typical histories. The abbreviations used 
are the same as above. 


LuruFa, young boy. Found with typically enlarged bilateral neck glands on July Ist, 
1929. One puncture negative. Seen again 3} years later by me. General condition 
normal. Neck glands typically enlarged, puncture positive. (See also Chart.) 


1 October, 1932 PG +- OP: 7L. alb. + 
7 * ‘< TC— OP: 5L. alb. + 
25 " - OP: SL. alb. 0-12 
10 November, __,, TC — OP: 85L. alb. + 
15 eo . TC— 
19 ‘i 4 OP: YL. alb. 0-08 
30 ‘ ss OP: 10-6L. alb. 0-15 
3 December, __,, TC— 
7 do ” PG + TC — 
10 ‘, ” TC — 
18 , ‘ OP: 88L. alb. 0:22 
31 e m TC — 
10 January, 1933 PG + TC— OP: 9L. alb. 0-20 


The temperature was normal or sometimes slightly raised. Treatment with tryparsa- 
mide commenced Jan. 11th. No more trypanosomes seen, but the pathological changes 


in the spinal fluid were slower to disappear than usually. Discharged in good condition 
in May, 1933. 


15. Masancu, young boy, born about 1921. Trypanosomes found in neck glands 
by Mr. Guiot on July Ist, 1929. Seen again in 1932. Trypanosomes present in neck 
glands, which are large and quite typical. Facies typical of trypanosomiasis. 


30 September, 1932 PG + OP: O6L. alb. + 

3 October, ‘4 TC — 

7 ‘ " TC— 
23 a . TC + | 
25 : * TC— OP: OSL. alb. 0-17 


4 rabbits inoculated, one died with trypanosomes like gambiense in the blood, another 
one recovered (this rabbit is mentioned above). 


28 October, 1932 TC + 
11 November, __,, TC — 
12 ‘i TC — 
14 . ‘6 TC — 
19 _ . PG + TC — 
30 7 ‘ TC — 
2 and 3 December, 1932 TC — TC — 
11 December, 1932 TC — 
15 “ . OP: O-6L. alb. 0-15 
31 . “ TC — 
10 January, 1933 PG + TC — OP: 1:2L. alb. 0-12 


The neck glands are still typical, but smaller. The facies is no longer characteristic 
of trypanosomiasis. "'Temperature during the observation at times above 100° in the 
mouth. General condition better than in October. 'Treatment with tryparsamide, after 
which no more parasites seen. 








14, 'TSHIBUE, young woman. 
Seen again September 27th, 1932. 
sterile. General condition normal. 

27 September, 1932 


28 


wAS) 


3 October, 


/ 
24 
25 
28 . 
10 November, 
12 
14 
19 
23 “ 
2 December, 
9 
13 
| ” 
31 “ 
10 January, 


x” 


” 


” 


1933 
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Trypanosomes found in neck glands July Ist, 1929. 


Pet ~. 
1 


PG — 


PG — 
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Neck glands on both sides typically enlarged but 


OP: O9L. alb. + 


The neck glands decrease 
progressively in size. 


OP: 0-5L. alb. + 

OP: 05 L. alb. 0°20 
The neck glands have 
completely disappeared. 


During the observation, temperature reaches sometimes 99° in the mouth. General 


condition remains good. 
Coloured trypanosomes from patient and animals morphologically gambiense. 


‘Treatment commenced in January ; no more parasites seen. 


One rabbit 


and two monkeys inoculated with blood from 'TSHIBUE became infected and died. "Two 
guinea-pigs, after 70 days, did not show infection. 


This patient provides a good argument for those who claim that in endemic 
areas all natives with typical neck glands should be treated,even when no parasites 


are found. 


After about three months, however, the glands of this patient disappeared 
spontaneously, this having taken place while the spinal fluid remained normal. 


13. MUYEKETA. 
July Ist, 1929. 


Woman, aged about 28. 
Seen again in October, 1932. 


corpulent. 4 small typical neck glands. 


12 October, 
13 ” 

24 +s 

25 ‘: 

10 November, 
13 

15 ” 

19 m 

23 is 

30) a 

2 December, 
9 e 

13 

24 

29 


10 January, 


1932 


1933 


PG — 


eG — 


— 
= 
a 
oC . 
TC + 
— 
Tc — 
¢ i & oe 
—_ 
Pe a 
— 
— 
. 
—_ 


Trypanosomes found in neck glands on 
General condition good, patient is rather 


OP: 1:2L. alb. 0-15 


OP: 1:5L. alb. 0°16 


OP: 13L. alb. 0-22 
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Neck glands are now like pinheads. ‘Temperature has been normal except on two 
occasions ; on November 13th, the very day when trypanosomes were found in the blood, 
mouth temperature reached 102° ; in December once 101°, no trypanosomes being seen. 

Inoculated guinea-pigs failed to show infection. All the inoculations into cavies were 
done by injecting 5 or 6 c.c. of venous blood, to which a little citrate had been added, 
into the abdomen of the animals. Often, before withdrawing the needle, a small quantity 
was injected under the skin. 


The following patient did not display any symptom of trypanosomiasis 
when revisited, and seems to be cured. 


10. Muxuncu. Old woman. Found, 1929, with trypanosomes in her lymph glands. 
Seen 3} years later by me; thin, but otherwise healthy. On neck, 4 small soft glands. 


29 September, 1932 PG — OP: 1L. alb. 0-20 
3 October, ‘ TC— 
7 ‘ = TC— 
13 . . TC— 
23 ‘i a TC— 
25 ' si OP: O-6L. alb. 0-18 
28 ’ - TC — 
11 November, __,, TC — 
13 = ” TC — 
19 ‘ a TC— 
30 ‘ . TC— 
2 December, __,, PG — TC — 
13 " : PG — TC — OP: O09L. alb. 0-20 
LP: 16L. alb. 0-20 
31 - BP TC— 
10 January, 1933 PG — OP: O-3L. alb. 0°20 


9 guinea-pigs were injected with blood on 3 different days. 3 are still alive after 
6 months, none having shown trypanosomes. When patient was dismissed in January, 
there were only 2 nodes, like pinheads, left on her neck. No abnormal temperature has 
ever been noticed, nor any other signs of disease. 


The following patient, when seen again after more than 3 years, has shown 
no trypanosomes on direct examination, though observed during nearly 
9 months. He displayed, however, in the autumn of 1932 one typical neck 
gland of medium size, and his spinal fluid, at first quite normal, showed a 
definitely increased cell-count in December, 1932, and in January, 1933, which 
subsided afterwards. One rabbit inoculated in the autumn of 1932 showed 
a few trypanosomes in the centrifugalized heart blood, whereas all other inocula- 
tions failed. Very numerous guinea-pigs inoculated in 1933 remained healthy. 
The patient was discharged on June 19th, 1933, in good health, cured by all 
accepted standards. ‘he neck gland had become small and hard by that 
time. 


11. SHATSHIKENDU. Man, born about 1895. Found with trypanosomes in neck 
glands on July Ist, 1929. When seen again in the autumn of 1932, is in good general 
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condition, no sign of disease being found, except a neck gland of the quality seen in sleeping 
sickness. 


1 October, 1932 PG — OP: 1L. alb. 0-10 
3 " “ TC — 
13 ms am TC — 
25 : ? TC — 
28 * ss TC — 
11 November, __,, TC — 
12 . ‘ PG — TC — 
15 2 : TC — 
19 o " TC— 
1 December, __,, TC — gingivitis (slight) 
3 - ‘ TC — 
13 ‘ ‘ OP: 4L. alb. 0-22 
27 ‘ . TC — OP: 3:5L. alb. 0°25 
LP: 8L. alb. 0-20 
1 January, 1933 i — 
10 . - TC— erysipelas of the face, starting 
from mouth or nose 
23 . 4 TC— 
26 , . TC—‘' _ erysipelas entirely cured 
28 mn * TC— 
30 ‘ m TC — LP: 9L. alb. 0°22 
7 February, " TC— 
10 m " TC — 
21 ‘ i OP: 0O-9L. alb. 0-15 
1 March, . TC— 
3 ie me TC — 
12 . ‘ TC— 
25 . , PG — TC— 
6 April ‘ TC— 
16 ui TC— 
25 ‘ é TC— 
30 ‘ - TC — 
2 May - TC— 
8 ‘ m TC— 
20 P i PG — TC — 
24 . . TC — 
Y ¥ | ‘ ‘ TC — 
4 June, . TC— 
9 n . TC— 
13 e " OP: 1L. alb. 0-10 
16 TC — 


In the winter and spring of 1933, 30 guinea-pigs altogether were inoculated from this 
patient and examined about once a week. Until July 30th, no animal has been found infected. 
Patient discharged in excellent condition. 

As stated above, a few trypanosomes were found in the centrifugalized heart blood of 
a rabbit inoculated in October, 1932. Another rabbit showed increased cell-count (20) 
and hyperalbuminosis in the spinal fluid and died. 


The case history of the patient N’gombe is given below in some 
detail, as it shows that human trypanosomiasis may disappear without treatment. 
On October 5th, 1932, this patient showed trypanosomes in the centrifugalized 
blood, but during the 104 months that have elapsed since, the patient being 
under supervision and any possibility of specific treatment being excluded, 
no parasites were ever seen again, and all the inoculations into guinea-pigs 
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remained negative. Inoculation into two susceptible monkeys was also negative 
to August, 1933. N’gombe was discharged in June, 1933, 4 years after the 
first diagnosis of sleeping sickness, in apparently good health and without any 
sign suggesting trypanosomiasis. 


12. N’comBe. Old woman, born about 1885. Found sick July Ist, 1929, with 
trypanosomes in the lymph glands. 

Seen again in September, 1932, in apparent health. No enlarged neck glands. No 
fever. 


25 September, 1932 TC — puncture axilla glands — 
26 . ” TC — OP: O6L. alb. + 
29 - - TC— 
3 October, : TC — puncture axilla glands — 
5 . . TC + 
16 a . TC — 
25 . ‘i TC — 
28 - . TC — 
8 November, __., TC — 
13 n m TC — 
15 ; - TC — 
19 - ‘ TC — 
30 - - TC — 
2 December __,, TC — 
9 i = TC — 
12 ” ‘ Has during the night an epileptic fit, the first (?) in 
her life. Falls into fire, legs severely burned. 
31 ‘ i TC— 
12 January, 1933 OP: 0-2L. alb. 0-10 
27 ” ‘i TC — 
31 ° : TC — 
8 February, ¥ TC — Second epileptic fit 
10 fe - TC — 
1] se ‘a OP: O-3L. alb. 0-14 
3 March, F TC — 
12 . ot . 
25 " " TC — 
6 April, ‘ TC — 
16 e " TC — 
25 . ‘i TC — Third epileptic fit 
30 ” ‘s TC — OP: OGL. alb. 0-13 
2 May, . TC — 
8 * . TC — Burns on legs healed 
20 . ” TC — 
y - : TC — 
4 June, - TC — 
9 - ” TC — 
13 ” . TC — OP: 0:5 L. alb. 0-10 
16 . TC — 
27 August, _ TC — OP: OSL. alb. 0-18 


The patient has never displayed fever. Nervous system normal except for three 
epileptic fits. In 1932, 4 guinea-pigs were inoculated with her blood and failed to show 
infection. In the winter and spring of 1933, 25 more guinea-pigs were inoculated. ‘The 
animals are alive and have shown no infection up to date. On August 27th, 1933, patient 
was dismissed, 50 months after first diagnosis. "wo monkeys inoculated in August with 
blood on two different days did not become infected. 
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The existence of these very protracted and oligo-symptomatic cases leads 
to the question whether they are bound to end mortally. ‘The immediate 
causes of death in sleeping sickness are usually wasting and secondary infections. 
Wasting may be a consequence of fever or may follow upon the impaired psychic 
power in advanced cases. ‘That in first- and second-period cases wasting is not 
very common nor very conspicuous is shown in the following ‘Table, where 
measures of corpulence have been taken comparatively in healthy natives and 
in carriers of trypanosomes. ‘The index used consisted in subtracting from the 
height of the subject the sum of the following circumferences : waist, neck, 


TABLE IV 


Corpulence Index 


















































Number Mean Standard 
of cases (cm.) Maxim. Minim. error 
Men— 

Normal ~ = er pk 210 15:2 + 33 — 3 0:6 
Sick (all cases) vas ae ne 68 18-6 + 36 +1 1-1 
Sick. Spinal fluid quite normal ... 21 19-2 35 + 6 2 
Sick. Slight changes in fluid (from 

2% to 20 cells at lumbar puncture, 

or 13 to 13 cells at occipital punc- 

ture ; albumen below 0:20) _... 16 19:1] + 33 + 3 1:8 
Sick. More than 20 cells at L.P. or 

13 cells at O.P. or (and) hyper- 

albuminosis ay eit mee 1] 14:8 + 36 + 1 3 

Women— 

Normal aS iad — as 200 11-4 + 37 — 8 0:6 
Sick (all cases) i 15] 12-8 | 49 —5 0:8 
Sick. Normal fluid... oes pik 43 12-6 - $7 —4 1-4 
Sick. Cell-count between 2% and 

20 at L.P. or 1% and 13 at O.P.; 

albumen normal ... -_ ue 39 13-6 32 —2 1:5 





Sick. More than 20 cells at L.P. or 
13 cells at O.P. or (and) albumen | 
above 0:20 nate = on 21 13-8 + 49 | —>5 2-7 
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left arm midway between elbow and shoulder taken twice, all these measure- 
ments expressed in centimetres. Low numbers indicate a sturdy build, and 
high numbers slender build or wasting. It must be emphasized that all the 
measurements were taken from natives of the same tribe, of roughly the same 
age and within a few weeks, so as to exclude seasonal influences. 

According to this Table, there is a significant difference between normal 
and sick individuals, but this difference is very small : 3-4 centimetres (1-3 inch) 
for 4 circumferences in men, and 1-4 centimetre (4 inch) in women. 

Between patients with quite normal fluids and patients with definite 
pathological changes in their fluid we found no significant difference. ‘These 
findings may be expressed thus : 

In the groups of natives examined, the mean corpulence index was very 
little lower in trypanosomiasis patients than in normal individuals. ‘There 
was no correlation between loss of corpulence and pathological changes in the 
cerebro-spinal fluid. 

The wasting of third-period patients seems to be connected mainly with 
their helplessness and the insufficient food which is often a consequence of 
their mental state. I have treated many hundreds of third-period patients 
in a country of the Lower Congo, where the natives feed well and care a good 
deal about their sick relatives, and do not recollect having met there one single 
instance of extreme wasting, such as is described and often photographed 
in other places. ‘The patients who died did so usually in a sudden fit, but 
loss of weight was generally absent or moderate. 

It might, therefore, be concluded that patients who have overcome the 
fevers which are highest at the onset of the disease, and whose nervous centres 
remain unimpaired, need not die at all. ‘There can be no doubt that trypano- 
some infection is quite consistent with good general health. 

A patient from quite another area than those mentioned above was 
observed some time ago. He had trypanosomes in the neck glands, but none 
was ever seen in the blood. Inoculation failed in 10 guinea-pigs and in 2 
monkeys. During an observation of several weeks, the thermometer reached 
100° only once ;_ on the other days the temperature was quite normal. Before 
any treatment, he gained 7 pounds. ‘The spinal fluid was nearly normal. 
Quite evidently such a state of things might have lasted indefinitely, provided the 
nervous changes did not increase. 

It has been shown that they need not do so for a good many years at least. 

In laboratory animals that are usually killed by Trypanosoma gambiense, 
spontaneous cures are sometimes seen. I have been able to observe them 
in guinea-pigs, after the animals had shown a moderate number of parasites 
in their blood. 

That the infection may disappear even after definite changes in the cerebro- 
spinal fluid is demonstrated by a rabbit inoculated with blood from the patient 
Malangu. ‘This animal displayed a definitely increased spinal leucocytosis 
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about 1 month after inoculation, but no trypanosomes were seen in the blood. 
Nevertheless, the patient’s blood was infective, as another rabbit inoculated 
with the same sample of blood on the same day displayed trypanosomes in the 
peripheral circulation, and died of trypanosomiasis. ‘The normal figure 
for leucocytosis in rabbits when the fluid is drawn by occipital puncture is about 
the same as in man, viz., | per c.mm. 


Rabbit No. 1002 


Inoculated October 25th, 1932 Spinal leucocytosis (occip.) : 
28 October, 1932 l 
11 November, __,, 2°5 
20 = ” 3°3 
4 December, __,, 16 
29 . ‘ 1-5 
24 April, 1933 1 


‘Two months later, the anima: was living and apparently healthy. Examinations of its 
blood made every week always negative. 


The instances quoted above of silent and very chronic human trypanoso- 
miasis without any perceptible nervous involvement resemble closely what is 
often, after chemotherapy, considered as evidence that a permanent cure 
has been effected. Normally, when repeated and sufficient doses of a specific 
drug are given, the parasites disappear for ever from the peripherical circulation. 
Blood (and gland) relapses are altogether much less common, When no such 
relapse is noticed, and when repeated lumbar punctures remain normal, this is 
sometimes deemed to indicate that the treatment given has acted as therapia 
sterilisans magna. When, however, the lumbar puncture shows increased 
cell-counts and albuminosis, the disease is believed, and very probably rightly, 
to be progressing. 

It might be argued, however, that in view of untreated patients retaining 
a normal spinal fluid for years, therapia sterilisans magna is maybe less common 
than might be supposed, and its place taken in some instances by a silent 
condition practically indistinguishable from health, which may, or may not, 
vanish slowly even without further treatment. 

Such a supposition receives some support from the fact that in bad nervous 
cases of sleeping sickness chemotherapy quite often fails to cure, therefore 
presumably to sterilize. Chesterman has published statistics with more 
than two-thirds of recorded deaths in third-period patients. ‘The doses of 
tryparsamide were those that effect nearly 100 per cent. cures in first-period 
cases. Still, tryparsamide readily pervades the brain, improving nervous 
syphilis while being rather useless against syphilis of the bones, the skin, 
and so on. 

According to what has been said above, the difference between a ‘ first- 
period ’ patient and a ‘ third-period’ one is not solely the time elapsed since 
infection took place. There is also an important difference in degree, form 
and localization of the disease. In some patients the brain is quickly attacked, 
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whereas others harbour scarce trypanosomes in their blood for years without 
being much inconvenienced. Instead of saying that treatment, when begun 
too late, often fails, the well-known results of treatment might also be stated 
thus : chemotherapy is very effective in patients who have a good natural 
resistance, whereas in patients with no such resistance, who would have died 
anyway, it is less valuable. 

Current knowledge about human trypanosomiasis is mainly derived 
from observations made at a time and in places where sleeping sickness was 
prevalent, severe and epidemic. In most infectious diseases, no feature has 
a wider range of variation than the mortality rate. Will trypanosomiasis prove 
an exception ? 


SUMMARY 


1. Proportion of diseased spinal fluids in large groups of patients and 
degree of abnormality of these fluids bear no relation to the time presumably 
elapsed since infection. 

2. Cell-count and albumen content of spinal fluid show irregular fluctua- 
tions sometimes at short intervals. Both these features may diminish without 
treatment and may very probably subside altogether. 

3. Small groups of patients resistant to the drugs given, or having relapsed 
several times, had a high proportion of normal fluids. So had a number of 
patients who escaped treatment during 33 years. 

4, Classification of cases according to the state of the spinal fluid is rather 
a measure of the seriousness of the disease and a help to prognosis than a means 
of ascertaining the time of infection. 

5. Possibly there is in trypanosomiasis, as in syphilis, a slight meningeal 
reaction shortly after infection. ‘This reaction may disappear without develop- 
ing immediately into brain and medulla localizations. 

6. There are silent forms of human trypanosomiasis which any ordinary 
investigation, including inoculation into animals, fails to detect. Investigation 
is needed to ascertain whether such forms are likely to carry the disease into new 


areas. 
7. These silent forms resemble closely what is sometimes seen after 


apparently successful treatment. ‘They emphasise the part which natural 
resistance may play in the cure of sleeping sickness. 

8. Human infections by 7. gambiense may sometimes disappear spontane- 
ously. It would seem that such a disappearance, when taking place, is a matter 
of years. 
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REDESCRIPTION OF TETRACHEILONEMA 
QUADRILABIATUM (MOLIN, 1858), A 
FILARIID WORM-PARASITE OF SOUTH 


AMERICAN TINAMIFORMES BIRDS 


BY 
ZEFERINO VAZ, M.D. 
(Instituto Biologico de S. Paulo, Brazil) 
(Received for publication | Fanuary, 1934) 


Molin (1858), in his monograph on filariids, described a number of Brazilian 
species collected by Natterer. Among them are Filaria quadrilabiata, found in 
the body cavity of Rhynchotus rufescens (= Tinamus rufescens) and in the sub- 
cutaneous tissue of Nothura maculosa (= T. maculosus) ; Filaria labiotruncata, 
in the subcutaneous tissue of Crypturus adspersus (== T. adspersus), Crypturus 
strigulosus (= T. strigulosus) and in the body cavity of Crypturus variegatus 
(= T. variegatus) ; and Filaria tinami variegati, in the eye of Crypturus variegatus 
(= T. variegatus). Of this last species Molin examined a single female specimen, 
which he separated from F’. labiotruncata on the difference in habitat. Diesing 
(1861) has studied Molin’s material and created a new genus, Tetracheilonema, 
for Filaria quadrilabiata. Diesing’s paper is not available to us at the present 
time, but probably Yorke and Maplestone (1926) followed Diesing when they 
consider FI’. labiotruncata and F. tinamt variegati 2s synonymous of Tetracheilo- 
nema quadrilabiatum. 

In the ‘ Séptima Reunion de la Sociedad Argentina de Patologia Regional 
del Norte ’ (1932), Mazza and Fiora describe as new, under the name of [ilaria 
hoffmanni, a filariid worm found in the body cavity of several specimens of 
the tinamiformes bird, Nothura maculosa, killed in Jujuy, North Argentine. 
On June 16th, 1933, Dr. Adolph Hempel, Chief of the Entomological Section of 
the Instituto Biologico, kindly sent to us for study some well-preserved specimens 
of a filariid worm found, at post-mortem examination, in the general body 
cavity of Nothura maculosa, captured at Itararé, State of S. Paulo, Brazil. 

In comparing our material with the description given by Mazza and Fiora, 
we are certain that it belongs to the same species and that FP. hoffmanni is 
identical with Tetracheilonema quadrilabiatum (Molin, 1858) Diesing, 1861. 

In view of the description by Mazza and Fiora, which is very inadequate, 
we have decided to make a redescription of the species and a diagnosis of the 
genus Tetracheilonema that must be included in the sub-family Setariinae 
Yorke and Maplestone, 1926. 

It appears to us to be unreasonable to consider Filaria tinami variegati as 
synonymous of Tetracheilonema quadrilabiatum; when we examine the material of 
this species we are certain, because of the length and thickness of the specimens, 
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that such a worm cannot live under the nictitating membrane of the host. On 
the other hand, we know by information from Dr. Adolph Hempel that it is 
not uncommon to find a worm in the eye of 'Tinamides, and we hope that in a 
short time we can obtain good material. 


Tetracheilonema Di£sinG, 1861. 

SETARIINAE. Body attenuated anteriorly and posteriorly ; head separated 
from the body by a neck-like chitinous constriction from which arise four 
conical lips ; with a short cylindrical buccal capsule ; two pairs of submedian 
head papillae present ; cuticle thick and smooth ; lateral flanges absent ; the 
muscular cylindrical oesophagus is not divided into two portions. MALE. 
Posterior extremity coiled ventrally ; tail blunt without caudal alae ; pre- and 
post-anal sessile papillae present ; spicules short, similar in size and shape, 
enlarged at the proximal end; gubernaculum absent. FEMALE, ‘Tail short 
and rounded ; vulva near the anterior end, opening at about the middle of the 
oesophagus ; muscular ovejector directed posteriorly. Ovoviviparous. Parasites 
of body cavity and subcutaneous tissue (? ) of South American birds. 

Type species : Tetracheilonema quadrilabiatum (Molin, 1858). 

Syn. Filaria quadrilabiata (Molin, 1858). 
Filaria labiotruncata (Molin, 1858). 
Filaria hoffmanni (Mazza and Fiora, 1932). 

MorpHoiocy. Large, thick, white worms, the head end of the gravid 
female bent dorsally from the region of the oesophagus. Head separated from 
the body by an incomplete chitinous neck-like constriction, from which arise 
four conical lips. ‘The mouth opens into a small buccal capsule. Cuticle thick 
and smooth, transversely striated. ‘Two pairs of large submedian papillae are 
present in the head region, expanded laterally to the body when viewed by the 
lateral face. The nerve ring surrounds the oesophagus at a point near the 
anterior end of this organ. 

Mae. The male is 19-21 mm. long by 0-4-0-5 mm, in maximum diameter 
in the middle of the body. Oesophagus cylindrical, of a muscular nature, 
measuring about 1-2 mm. in length by 0-1 mm. in diameter throughout about 
ninetenths of its length, the diameter increasing slightly at the posterior end. 
The intestine is easily distinguished through its whole length. The proximal 
extremity of the testis reaches the oesophageal region. 

Spicules similar in size and shape ; the distal portion (three-fourths of the 
whole length) is tubular and well chitinized, the proximal end being enlarged and 
incompletely chitinized. The length of the spicules varies between 0-24-0-27 mm. 
and the width is 0-06 mm. at the proximal end and 0-028 mm. at the distal end. 

Mazza and Fiora in describing Filaria hoffmanni state that the spicules are 
unequal in size, the larger one measuring 950 and the smaller one 200p, but 
the figures that illustrate their work show clearly that the spicules are equal ; 
the authors consider the retractor muscle as the large spicule. ‘The posterior 
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0.05 mm. 


fic 1,—Head, much enlarged, ventral view. 
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0.2 mm. 
Fic. 3.—Female, anterior portion showing 
the position of the vulva. 





0.2 mm. 


Fic. 5.—Posterior end of female, lateral view. 
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0.05 mm, 


Fic. 2.—Head, much enlarged, lateral view. 
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0.2 mm. 


Fic. 4.—Male, anterior portion. 
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0.1 mm. 
Fic. 6.—Posterior end of male, lateral view. 
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extremity is rolled on the ventral face; tail short and rounded, the cloaca 
situated ()-12-0-14 mm. from the posterior extremity, the latter provided with 
a pair of pre-anal papillae, three post-anal and a single median terminal papilla 
at the tip of the tail. 

FEMALE. The female is 35-40 mm. long by 0-8-0-9 mm. in maximum 
diameter in our specimens, while Mazza and Fiora obtained 0-6 mm. in diameter 
in the material of Jujuy. Oecesophagus 1-2-1-4 mm. in length by 0-1 mm. in 
smallest diameter, increasing slightly at the posterior end. The intestine, 
easily seen only in the anterior and posterior portions, is of the same diameter 
as the oesophagus just behind this organ, but is enlarged at the terminal portion, 
diminishing abruptly near the anus. The latter is situated about 0-14 mm. 
from the tip of the tail. The vulva opens in the oesophageal region, 0-85-1-1 mm. 
from the anterior extremity. Mazza and Fiora state that in the Argentine 
material the vulva is located 1-6 mm. fromthe mouth. The ovejector, with thick 
muscular walls, is directed posteriorly and contains thick-shelled eggs which 
are in the larva stage of development when they reach the vulva; they are 
0-057-0-066 mm. long by 0-033 mm. wide. The anterior ovary reaches the 
oesophageal region, a little in front of the vulva. 

Geographic distribution—Brazil and Argentine. 
Hosts—Nothura maculosa (Temm.). 

Rhynchotus rufescens (‘Temm.). 
Location—Abdominal cavity. Subcutaneous tissue (? ). 

The material was deposited in the Instituto Biologico de S. Paulo, hel- 
minthological collection, no. 1,494. 
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A SURVEY OF THE PROTOZOAL AND 
HELMINTHIC INFESTATION-RATES OF THE 
MALE PRISON AND REFORMATORY INMATES 
OF BEAU BASSIN PRISON, MAURITIUS* 
BY 
A. R. D. ADAMS, M.D. 
| AND 


LEWIS WEBB 


(Received for publication 9 Fanuary, 1934) 


A number of investigations have been made at various times and in different 
parts of the world into the intestinal protozoal and helminthic parasitisation- 
rates for sundry groups of the human races. No such investigation has, so far 
as we are aware, been made in Mauritius, with the exception of the Rockefeller 
Foundation’s Hookworm Surveys carried out between 1921 and 1923. In 
view of a widespread outbreak of an acute, and frequently fatal, dysentery in 
the colony during the hot months of 1932-33, and of the fact that many of the 
cases in this epidemic were diagnosed and treated as ‘amoebic dysentery ’ 
without resort to the available means of laboratory diagnosis (in spite of the 
fact that where this aid had been invoked few cases of amoebic but many of 
bacillary dysentery, as judged by the characteristic cellular exudates and the 
recovery of strains of both Shiga and Flexner organisms, had been found), it 
seemed of interest to us to institute an enquiry into the prevalence of Entamoeba 
histolytica, and at the same time of the other intestinal protozoa and helminths, 
in a sample of the general population. 

The population of Mauritius is a very mixed one and consists of Europeans, 
largely born in the island and chiefly of French ancestry; Indians, who 
numerically greatly preponderate, and have either immigrated from India or 
have been born in the colony of Indian parentage ; Chinese, most of whom 
have come from China; and a few Africans and other racial representatives. 
In addition to these sharply-defined races, there is a large population of variously 
mixed bloods, loosely referred to as Creole. Sanitation throughout the island’s 
lower classes is of the most primitive nature, and, although pit-latrines or the 
bucket system of sewage disposal are provided and well maintained on all 
estates and in villages and townships, it is impossible to enforce the proper 
use of even these comparative refinements of civilisation among the illiterate 
agricultural labouring classes, owing to their physical and mental inertia and 
also, in part, to religious customs and beliefs in the case of the Indian community. 


* From the Bacteriological Laboratory, Medical and Health Department, Mauritius. 
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In the present investigation it was found that the only practicable way of 
examining the stools of a fairly representative selection of the general working 
population on several consecutive occasions was to utilise the inmates of a large 
and conveniently-situated prison with an attached reformatory school. The 
inmates of these institutions are sent to them from another large prison in the 
capital, Port Louis ; they are detained in the latter central prison until after 
conviction, and while lodged there are examined by the prison medical officer. 
After a preliminary general cleansing and disinfestation from body-vermin, 
they are examined for parasitisation with hookworm and roundworm by stool 
examination ; those found so infested are promptly treated with chenopodium 
before being transferred elsewhere. While at Port Louis, also, the stools of 
each prisoner are personally inspected on each of 10 consecutive days by the 
prison medical officer for the presence of blood or mucus or for the other signs 
of a dysenteric affection ; cases found to be passing stools suggestive of such 
infections are carefully segregated and treated, before being allowed to mix 
again with the other prisoners. Malarial infection is also specifically sought 
for and the sufferers put under suitable treatment. On conviction, and when 
regarded as being physically fit for transfer, the men are sent to Beau Bassin 
Prison, where we conducted our enquiry. At Beau Bassin the sewage disposal 
is by means of the pail system and trenching, and with the large amount of labour 
available it is efficiently carried out ; unfortunately, in our opinion, the latrines 
are not fly-proofed exteriorly. 

Arrangements were made with the prison authorities at Beau Bassin for 
each man to be provided with two clean pails on being confined to his cell the 
night before we paid our weekly visit to the prison ; one of these was for urine 
and the other for faeces ; the prisoners were instructed to use the latter pail 
on rising in the morning, and had an opportunity of emptying their bowels 
elsewhere before being confined for the night. ‘The specimens were brought 
to a room early in the morning where, very shortly afterwards, we ourselves 
sampled them and removed the samples to the laboratory for further study. 
On arrival at the laboratory each sample was submitted to the following 


procedures _— 


(a) A fresh coverslip preparation was made in normal saline solution and examined 
for protozoa and helminth ova and larvae. 

(b) In the event of protozoal cysts being found, an iodine preparation was studied 
and the cysts, where possible, provisionally diagnosed. 

(c) A smear was made and wet-fixed in Schaudinn’s solution, and subsequently 
stained in Heidenhain’s iron-alum-haematoxylin ; the presence or absence of protozoa 
and the diagnosis of the species was confirmed by a careful examination of these 
preparations, and it is on the results obtained from close study of these films that 
our data are based. 

(d) About a gram of faeces was thoroughly broken up with a glass spatula in 
a centrifuge-tube with a small amount of a solution of common salt (S.G.1200) ;_ the 
tube was then filled with further salt solution and thoroughly shaken. After spinning 
for five minutes in a moderately fast water centrifuge, the surface layer was sampled 
and examined for helminth ova. 
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Assuming that the stools were all passed on rising in the morning, and not 
during the course of the night (and that this was the case was borne out by 
the large proportion of actively motile vegetative amoebae usually to be found 
in the fresh specimens of stool from men fed exclusively on a bulky vegetable 
diet), all specimens were examined within, at most, five or six hours of being 
passed. In the cases here recorded three examinations, usually on consecutive 
weeks, were made in each case. While we are aware that this number of stool 
examinations is frequently regarded as being inadequate for the definite 
determination of a negative finding in the case of certain of the intestinal protozoa, 
and that further examinations may yield, possibly, higher figures for the incidence 
of these particular organisms, yet we have not found it possible to continue our 
observations to that point which the experience of some workers has indicated 
as being necessary ; and, it may be added, we ourselves are inclined to subscribe 
to the view expressed by James (1926) that, after careful examination of carefully 
prepared permanently-stained preparations of three specimens of stool by 
skilled workers, further repeated examinations will not materially reduce the 
number of negative findings, at least in the case of E. histolytica. 

Our results are recorded in tabular form in Tables I, II, III and IV. 
Examining first Tables I and III, the outstanding feature is the relatively high 
incidence of F. histolytica, the figures obtained for this parasite being higher 
than those for any one of the other protozoa; those for the non-pathogenic 
protozoa are also high when compared with the findings of some other workers 
in various parts of the tropics. It is unnecessary to consider the records of 
other observers in respect of all the intestinal protozoa, but in the case of 
FE. histolytica a comparison of the data obtained from other parts of the world 
is enlightening, and seems to us to open up a number of channels of profitable 
speculation. Among the earlier published records of the incidence of EF. histolytica 
among the residents of temperate zones are those of Yorke, Carter, Mackinnon, 
Matthews and Smith (1917) ; these observers found the parasite in 3-9 per cent. 
of 206 young British army recruits who had never been outside Great Britain ; 
the same parasite was found in 1-9 per cent. of 309 adult male civilians, in 
5:6 per cent. of 1,098 young army recruits, and in 1-9 per cent. of 321 boys of 
under 12 years of age (Matthews and Smith, 1919a@ and 5). Among asylum 
patients in England, these latter two authors (1919c) found 9-7 per cent. of 207 
cases infected. All these figures are based on a single stool examination. 
Numerous observations of varying value have since been made, more particularly 
by the American workers, on the incidence of the intestinal protozoa, particularly 
FE. histolytica, in the temperate zones, and it would be tedious to detail the 
findings of the many investigators ; it seems sufficient to state that there is a 
certain agreement that the incidence of F. histolytica infestation in the various 
communities studied in the temperate zones may vary from about 5 per 
cent. to about 20 per cent. of the individuals examined. 
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Turning to the tropical and sub-tropical zones and their inhabitants, as 
opposed to troops and other bodies of men temporarily quartered there, we 
find that Wenyon and O’Connor (1917) examined, each on a single occasion, 
the stools of 524 native prisoners in the Hadra Prison, Alexandria, and found 
an incidence of EF. histolytica among them of 13-7 per cent. ; they also examined 
similarly 87 native cooks employed in the army bakery and found 11-5 per cent. 
infested with the same protozoon ; and among 48 British West Indian cooks, 
quartered in the same area, 4*1 per cent. Bentham (192() studied in Malta the 
incidence of protozoal and helminthic infestation among the various sections 
of the military communities and their ancillary services, and discovered that of 
78 Maltese civilians, batmen, cooks, etc., 18 per cent. were infested with 
E. histolytica ; and of 83 labourers, chiefly Indians and Chinese, 16-9 per cent. 
Again, presumably, only a single examination was made in each case. Maple- 
stone (1921) examined, each on a single occasion, the stools of 500 Europeans 
resident in North Queensland and found an incidence of 4-6 per cent. 
EF, histolytica, Scott (1921) studied the parasites of a series of 102 symptomless 
individuals of both sexes (race unstated) resident in Jamaica, and ‘found, as 
shown by an analysis of his tabular record, 14 out of the 102 persons infested 
with this parasite ; he based his findings on a number of stool examinations, 
usually 9, but in 2 or 3 instances only 3 were performed ; he, incidentally, 
employed Cropper and Row’s technique for cyst concentration on each specimen. 
Young (1922) studied the intestinal protozoa of 251 Federal troops living in 
barracks in Manaos, Brazil, and on a single stool examination found 27-5 per 
cent. infested with EF. histolytica. Jausion and Dekester (1922) state that in 
Fez Medina 22-9 per cent. of the inhabitants are infected with this organism, 
and among the Arabs of Tafilalet and Sous the index is said to be as high as 
45 per cent. Kessel and Svensson (1924) in Peking, China, found 32:5 per cent. 
adult Chinese and 25-3 per cent. juvenile Chinese infected with ‘ F. dysenteriae ’ ; 
these figures are based on examination of about 800 odd individuals and an 
average of 3 stool examinations. Kofoid, Swezy and Boyers (1925) investigated 
the incidence of the intestinal protozoa among employees of the United Fruit 
Company’s estates in Colombia, and determined that a figure of 53-7 per cent. 
represented the incidence of E. histolytica among the 367 persons examined ; 
an average of less than 2 examinations was made in each case, and the diagnosis 
rested on fresh (unfixed) preparations, while that of positive specimens was 
amplified by study of permanently-fixed and stained smears. Faust (1929) 
made 41,742 examinations on the stools of 13,617 cases in North China, and 
found that (corrected to 6 examinations) FE. histolytica was present in 20-3 per 
cent. of the cases ; the same author (1931) examined the stools of 2,000 individuals 
in Panama, and determined the incidence of this parasite as 72-7 per cent. in 
certain native villages in ‘ unsanitated ’ areas, and much higher even than this 
in certain age groups in the same persons (90-9 per cent.). Williams, Wildman 
and Curtis (1929) examined some of the negro population of Haiti, and found 
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among 50) native gendarmes in barracks 44 per cent. infested with F. histolytica ; 
they adopted Craig’s sedimentation of cysts technique. In the same country 
Williams and Thomas (1930) found, using the stool examination technique of 
de Rivas, 50 per cent. of 108 negro domestics so infested. 

It is thus evident that there is an astonishing diversity between the reports 
of the various workers on the incidence of F. histolytica in sundry parts of the 
tropical and sub-tropical zones ; and it seems to us that further reliable observa- 
tions are highly desirable to enable us to determine whether infestation with 
E. histolytica and the other intestinal protozoa is merely a matter of opportunity 
for infestation as a result of defective sanitary arrangements, or whether there 
may be some as yet unknown factor, such as diet or concurrent bowel lesions, 
predisposing to parasitisation with these ubiquitous organisms ; the question 
of pathogenicity is not our concern at the moment, and we are dealing solely 
with parasitisation. That mere exposure to infection of itself is sufficient for 
parasitisation seems to us unlikely when our own figures are studied in the 
light of a local knowledge of the habits and conditions of life of the class of 
persons examined, together with the climatic conditions obtaining in the island 
and the abundance of various flies and insects with habits only too conducive 
to the spread of cyst-borne and egg-borne infections. ‘The experiments of many 
workers on the longevity of cysts of the intestinal protozoa under varying 
conditions of temperature and moisture cannot fail to convince a local observer 
that Mauritius apparently provides as nearly ideal a field for their successful 
dissemination as can be imagined ; yet our findings indicate that, although 
these protozoa are abundantly represented, yet the incidence of most of them 
does not nearly approach the figures obtained by certain workers in other 
regions. 

Reference to Tables II and IV shows that free opportunity for infestation 
with parasites, the infective forms of which are to be found in human faeces, 
does indeed exist. ‘The figures obtained for Trichuris trichiura amply confirm 
this belief, although it must be borne in mind that strict comparisons between 
helminthic and protozoal infective agents cannot be made without due reference 
to certain factors, of which those of time, temperature and moisture are the most 
important. These figures for Trichuris are extraordinarily high when compared 
with the findings of most workers in other spheres, dealing with the same 
parasite. The figures for hookworm and ascaris are also significant among the 
juveniles ; among the adults the possibility of immunity, more particularly to 
the latter of these worms, may account for the relatively lower figures ; and, 
in addition, the fact that many of the adults have been confined for a period of 
many years and during that time have, perhaps, been repeatedly treated, must 
be borne in mind when comparing these figures with those that would be found 
among persons enjoying a normal liberty and free existence. ‘The hookworm 
occurring commonly in the island is Necator americanus, Ancylostoma duodenale 
having but rarely been found. As a matter of general interest it may here be 
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noted that the cestode parasites are very rarely encountered, and in the last 
18 months, among many thousand stool examinations, on only two occasions 
have segments or ova of these worms, which proved to be Taenia saginata, been 
found ; occasional cases of infestation with the rarer cestodes, belonging to the 
genera Bertiella and Davainea, have been reported from time to time, and the 
latter cestode is reputed to be a not very rare exhibit from man in the neighbour- 
ing island of Madagascar. Of the trematodes, Schistosoma haematobium is a 
common parasite, but there is no authentic record of any of the other schisto- 
somes in man; it is interesting to note that the ova of S. haematobium are 
exceptionally rarely found in stools, in spite of the fact that, during the routine 
section of about 150 unselected vermiform appendices removed during the last 
12 months at one of the large general hospitals in the island, 6 have been found 
heavily infiltrated with the eggs of this worm. Clonorchis sinensis is another 
trematode which presents certain features of interest ; our records of the results 
of examination of a large number of stools from Chinese living in Mauritius 
show that this parasite has been found only in men of this race who have either 
been born and bred in China, or have been born in this country but have visited 
China for a period of years in early life. No case of infestation has so far been 
discovered in persons born and bred in this country, whether of Chinese race 
or not. A large quantity of dried fish is imported every year for consumption 
by immigrants from that country residing here, but it would appear that eating 
this material does not cause infestation locally with Clonorchis. We hope shortly 
to conduct a fuller enquiry into the local distribution of this worm, and also 
into the presence of certain other trematodes which are reputed to have been 
found in this island from time to time. 

In conclusion, we desire to express our thanks to the Inspector-General 
of Police and his staff, for the great assistance they have afforded us in the 
conduct of our enquiry ; also we wish to thank the Director of the Medical 
and Health Department, Dr. J. Balfour Kirk, for his continued support and 
interest throughout the work, and for his invaluable advice on a number of 
matters concerned with its execution. 


SUMMARY 


1. In view of an outbreak of an acute type of dysentery with a relatively 
high mortality, frequently diagnosed locally as ‘ amoebic ’ in origin, during the 
hot months of 1932-33, an investigation was undertaken to determine the 
relative frequency of the intestinal protozoa, more especially of Entamoeba 
histolytica, among a sample of the general population of Mauritius. 

2. It was found that a neighbouring prison and attached reformatory 
school provided a suitable field for the enquiry, and the technique employed for 
collecting and examining the stools of the inmates of these institutions 1s 
described. 

3. Three stools from each case were examined in the stated routine manner ; 
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final determination of the presence or absence of protozoa and the determination 
of the species present rested on study of permanently stained wet-fixed films. 
Helminth ova were sought for by a flotation concentration technique. 

4. Figures are given in tabular form showing the parasitisation-rates with 
the various intestinal protozoa and helminths. £. histolytica was found to be 
the most prevalent protozoon, 38-5 per cent. of 428 adults and 31-6 per cent. 
of 57 juveniles harbouring this parasite. Of the helminths, 7richuris trichiura 
was found in 91-1 per cent. of the same adults and in 100 per cent. of the 
juveniles. 

5. There is an astonishing diversity between the findings of the various 
workers in the tropical and sub-tropical zones in respect of the incidence of 
the intestinal protozoa, more particularly of £. histolytica; and one is forced to 
the conclusion that there may be other factors than simple exposure to infection 
necessary for successful parasitisation with these parasites and that further 
reliable records may assist in elucidating the nature of these factors. 
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THE DISTRIBUTION OF BLACKWATER FEVER 
(SUMMARY).* 


BY 
J. W. W. STEPHENS 


(Received for publication 18 Fanuary, 1934) 


In the present paper, I propose to give a brief summary of the seven 
previous papers published in these ‘ Annals’ on the subject of the distribution 
of blackwater fever. It is impossible, I think to give any comparative figure 
indicating the frequency in the countries and localities named. I have, however, 
marked with an asterisk those places where blackwater fever is not an unusual 
condition. 


Europe. 

Austria, Bulgaria*, Czechoslovakia, Germany, Greece*, Holland, Hungary, Italy*, 
Sardinia*, Sicily*, Poland, Russia*, Yugo-Slavia*. 

Seyfarth (1918) says, of SourH-EASTERN BuLcaria, ‘ blackwater fever is not 
uncommon,’ and records 10) cases. In GREECE, it would appear to be very 
common, judging from the numerous cases recorded. 

In ITALY, it is far less so, the records showing only a few cases. In SICILY 
(Catania), ‘Tomaselli (1897) recorded some 20 cases. 

In Russia, Popow and Zeiss (1925) recorded 85 cases collected from the 
literature in 43 years, i.e., two per annum; _ but the same authors in 1927 
record 10 cases from Suchum and 5 from Moscow. In YuGo-SLavia, Weselko 
(1926) in the north of Dalmatia recorded 49 cases in 5 years. 


South -West Asia. 


Arabia, Cyprus, Palestine*, Persia, Russia—Trans-Caucasia*, Russia—Trans-Caspia*®, 
Turkey. 


ARABIA: Gill (1916) records 25 cases in 9 years from Matrah and Muscat, 
and notes that none of these occurred in Arabs or negroes, and adds the state- 
ment, which might be made of many other localities, that there is ‘ little informa- 
tion available regarding this extensive area’ (Arabian Sea littoral or in the 
Persian Gulf). 

In PALESTINE, judging from the numerous records, it is common. ‘Thus 
Masterman (1896) says that in 1893 there was a ‘ regular epidemic of malaria 


*STEPHENS, J. W. W. (1927). The distribution of blackwater fever in Europe. Ann. Trop. Med. 
& Parasitol., 21, 467. 
(1928). The distribution of blackwater fever in South-West Asia. Loc. cit., 22, 53. 
(1928). The distribution of blackwater fever in India. Loc. cit., 22, 169. 
(1928). The distribution of blackwater fever in Burma and the Far East. Loc. cit., 
22, 179. 
(1929). The distribution of blackwater fever in Africa. Loc. cit., 23, 67. 
(1929). The distribution of balckwater fever in North America. Loc. cit., 23, 451. 
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and among the fatal cases a great many presented symptoms we now recognize 
as being those of Blackwater Fever.’ It is after this date—1896—that black- 
water fever begins to be recorded, but there is no reason for supposing that it 
did not exist before this time. 

Popow and Zeiss (1927) record 32 cases in 4 years from 'TRANS-CAUCASIA, 
and the same authors have observed 98 cases in 1900 in Merw and district 
(Turkestan). 


India. 


Assam*, Bengal, Bengal Duars*, Bihar*, Orissa, Bombay, Central Provinces, Coorg 
Province, Hyderabad, Madras*, United Provinces, Ceylon. 


In AssaM, judging from general knowledge, we should say it is not as 
common as in the Bengal Duars. Powell (1898) records 15 cases, Christophers 
and Bentley (19/8) 13 cases from ‘Tezpur in 30 years, and only 5 cases from 
Nowgong in 29 years. From the BENGAL Duars, on the contrary, the latter 
authors record 65 cases from the Dam Dim district in 12 years. 

Vaughan (1921) has noted the occurrence of a large number of cases in 
the Ranchi district of BIHAR; and Megaw and Gupta (1927) note that the 
Singhbhum district ‘ is notorious ’ for blackwater fever. 

CEYLON: It has frequently been stated that blackwater fever does not 
occur in Ceylon, but van Rooyen (1913) records a case, and Castellani and 
Chalmers (1919) heard of 2 cases in 12 years, which they say were most probably 
cases of quinine haemoglobinuria, but give no reasons for their belief. 


Burma and the Far East. 


Burma, Lower Burma, Upper Burma*, China, Formosa*, Cambodia, Cochin-China*, 
Laos*, ‘Tongking*, Federated Malay States*, Perak, Selangor, Straits Settlements*, 
Siam*, 

Islands. 


Borneo, Celebes, Flores*, Java*, Lombok, Papua or New Guinea or Kaiser Wilhelm’s 
Land*, New Hebrides*, New Pommern (or New Britain)*, Philippine Islands*, Solomon 
Islands*, Sumatra*. 


BurMA: While isolated cases are found in many parts of Burma, Fink 
(1969) states that blackwater fever is endemic in the Myitkyina district, and in 
1912 records 20 cases from this locality, and a total of 44 cases from various 
localities in Upper Burma. 

CuINA: A few cases are recorded from the Fukien, Hupeh, Kwang-tung 
and Yun-nan provinces, while Manson (1907), on the authority of Dr. Wenyon, 
of Fatshan, states that in 1885 ‘it [blackwater fever] ravaged like a plague 
the Chinese army, on the Tonquin border of Kwangsi’; but the original 
statement of Manson (1893) is different, viz: ‘ The fever which ravaged 
like a plague the Chinese army on the Tonquin border of Kwangsi was 
frequently accompanied by haemoglobinuric symptoms.’ (Manson, P. (1893). 
‘On African haemoglobinuric fever.’ Trans. Epidem. Soc., 12, 111-41.) 

Formosa : Here it is common, Kondo (1926) recording 98 cases. 
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Laos: While very common in Haut-Laos, in other parts it is described 
merely as being present or exceptional. 

TONGKING : While Pons (1921) describes it as a curiosity in the Delta, yet 
it is very frequent on the upper reaches of the Black and Claire rivers. 

FEDERATED Maray States: Almost annually cases are reported. In 
1919 there were 34 deaths. From Perak and Selangor only isolated cases are 
reported. 

STRAITS SETTLEMENTS: Not particularly common ; thus from Singapore 
only 26 cases are recorded in 26 years. 

S1aM: Not uncommon up country according to Mendelson (1919). 
Prommas (1927) treated 26 cases in 8 years from Chiengmai. 

BORNEO, CELEBES, FLORES: From the first two localities records are 
scanty, but Sérensen (1914) reports 16 cases from Flores. 

Java: From Batavia, De Langen (1918) records 9 cases, and Mense (1924) 
11 from Samarang ; but on the whole the number of cases reported is few. 

LomBok : Occurrence noted by Kohlbrugge (1899). 

Papua: According to Giblin (1922), widespread. 

New Hesripes: Amigues (1907) says it has ‘ become fairly common,’ 
but there are but few records. 

New PoMMERN : One or more cases annually. 

PHILIPPINE ISLANDS: Of especial interest, for Craig (1909) (‘ Malarial 
Fevers ’) speaks of its almost complete absence in the Philippines, yet Garton, 
according to Reyes (1926), reported 44 cases from Iwahig (Penal Colony), 
and isolated cases occur elsewhere. 

SOLOMON IsLaNDs: A few cases annually, according to Crichlow (1921). 

SUMATRA: Only isolated cases in most areas, but Mense (1924) reported 
many cases from Sibolga in 1923. 


Africa. 


Abyssinia, Algeria*, Angola, Bechuanaland, Cameroons*, Congo*, Dahomey* 
Eritrea, French Equatorial Africa*, Gabon* (French Equatorial Africa), Gambia*, Gold 
Coast*, French Guinea*, Ivory Coast*, Kenya* (formerly East Africa Protectorate), 
Morocco, Nigeria Northern*, Nigeria Southern*, Portuguese East Africa*, Rhodesia 
Northern*, Rhodesia Southern* (including Mashonaland and Matabeleland), Senegal*, 
Sierra Leone*, Somaliland, Sudan (Anglo-Egyptian)*, Sudan (French)*, Tanganyika 
Territory* (formerly German East Africa), Tanganyika Territory*, Togo* (since 1920, 
partly Gold Coast, partly Dahomey), Uganda Protectorate*, Union of South Africa, West 
Africa*. 


Islands. 


Cape Verde (Saint-Nicolas), Comoro* (Mayotta, etc.), Conakry*, Fernando Po*, 
Gorée, MacCarthy, Madagascar*, Mauritius*, Nossi-Bé*, Réunion, St. Louis*, St. Marie, 
St. Thomé, Zanzibar and Pemba. 


There can be little doubt that in most of the places characterized in the 
above list by an asterisk, blackwater fever is a common or very common condi- 
tion. We will comment, therefore, on those places where the records are 
few or even doubtful. 
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ABYSSINIA: There is only a single record, and this probably represents 
its rarity, as in the adjoining territories. 

SOMALILAND (British and Italian) : Cases are rare or doubtful. 

ALGERIA: In recent years, at least, fairly commonly reported from the 
three departments of Oran, Algiers and Constantine. ‘Thus Parrot (1921) 
estimates about 100 cases between 1899 and 1920, and states that it is taking 
an important place in the pathology of Europeans in Algeria. Contrasted 
with this, we have Laveran (1898) (‘ Traité du Paludisme ’) stating that ‘ Pendant 
un séjour de cing années en Algérie je n’ai observé qu’un fait pouvant étre 
classé dans cette catégorie d’accés pernicieux ’; and, as late as 1912, Campagne 
(1913) speaks of it as being extremely rare. 

Morocco : ‘Two records only. 


North America. 

Alabama*, Arkansas*, California, Colorado, Florida*, Georgia*, Illinois*, Kentucky*, 
Louisiana*, Mississippi*, Missouri, New York, North Carolina*, Ohio, Pennsylvania, 
South Carolina*, Tennessee*, Texas*, Virginia*. 

What the present day frequency of blackwater fever in the various States 
may be, the present survey does not attempt to estimate. The asterisks indicate 
that in the States so marked the disease has been at one time or another, and in 
one locality or another within the State, common. 


Central America. 
Costa Rica*, Guatemala*, Honduras*, Honduras British, Mexico, Nicaragua*, 
Panama’*. 
British Honpuras: 11 cases in 1930. Probably should be starred. 
Mexico: 2 cases at ‘Tampico in 1895. 
SALVADOR: I have not found any records in the literature. 


South America. 

Argentine, Brazil*, Colombia*, Ecuador*, Guiana British*, Guiana Dutch, 
Guiana French*, Paraguay, Venezuela*. 

Dutcu Guiana: Dr. F. M. Peter, senior physician of the hospital of the 
Aluminium Company of America, treated ‘2 or 3 true cases of blackwater 
fever every year ’ (Correspondence). 

West Indies. 

Antiqua, Cuba*, Guadeloupe*, Haiti*, Jamaica, Martinique, St. Lucia, Trinidad 
and Tobago. 

JAMAICA: 8 cases, 1913-14; 8 cases, 1916-17. 

Sr. Lucia: 2 cases recorded in 1926. 

TRINIDAD and ‘ToBAGo: 20 cases in 1930. 

REFERENCES 


The literature will be found in the series of papers given in the footnote, page 37. 
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TRYPANOSOMES PATHOGENIC TO DOMESTIC 
STOCK AND THEIR EFFECT IN CERTAIN 
SPECIES OF WILD FAUNA IN UGANDA 


BY 
J. CARMICHAEL 
(Uganda Veterinary Service) 
(Received for publication 6 February, 1934) 
INTRODUCTION 


It is generally accepted that game in tsetse areas act as a permanent reservoir 
for the trypanosomes which are responsible for disease in man and his domestic 
animals. ‘The game, so far as is known, suffer no disability by harbouring 
these organisms. 

The nature of infection in these animals appears to be one of tolerance 
or premunition, but it is not known in what way wild animals which exist in 
areas known to be free from tsetse will react to infection with trypanosomes 
pathogenic to domestic stock. Would these animals exhibit the same degree 
of tolerance to trypanosome infection as their prototypes in a fly-belt ? 

Is this tolerance acquired by prolonged contact with the infecting agent, 
or is it an inherent property of the body fluids of wild game animals ? 

The following records are the result of a study of 7. brucez and 7. congolense 
in wild animals captured in Uganda. 

With the exception of Hornby and Bailey (1931), I cannot discover any 
account of tests having been made to investigate the susceptibility of game 
from fly-free areas to these trypanosomes. ‘They report that they inoculated 
a greater kudu with 7. congolense. It became infected and died some 74 months 
afterwards, but there was considerable doubt as to the cause of death. A lesser 
kudu showed trypanosomes in its blood, but no indisposition following infection. 
No deviation in health was observed in a young African elephant which was 
inoculated with 7. congolense, T. vivax and T. brucei, and only T. congolense 
was demonstrated in the peripheral blood. Sub-inoculation into a rat failed to 
set up an infection. 

Corson (1931) infected four dik-dik with strains of 7. rhodesiense, and his 
work is referred to later. 

Duke (1933), at the same time as these investigations were being carried out, 
examined the behaviour of T. rhodesiense in certain species of game. 

The main object of his research was to discover whether after a year or two 
in antelope 7. rhodesiense would still retain its power of infecting man, but a 
considerably wider biological field is touched upon in his paper. 

Further reference will be made to Duke’s work when the behaviour of the 
stock trypanosomes in each individual animal is discussed. ‘The wild animals 
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employed in these experiments, unless otherwise stated, came from tsetse- 
free areas. The strains of trypanosomes employed were proved to have a 
typical pathogenicity by the inoculation of domestic stock and a series of the 
usual laboratory animals. For the sake of brevity the details are omitted. 

It is necessary to mention an important point with regard to experiments 
with wild game ; that is, the importance of obtaining animals in a thoroughly 
domesticated condition before commencing experiments. Young antelope, 
in particular, suffer from a variety of pathological conditions in their early 
stages of captivity, and it is of the utmost importance to be certain that these 
conditions do not complicate an experimental trypanosome infection. 

Before the game was inoculated with trypanosome, blood was examined 
daily for 14 days, and inoculated into susceptible animals in order to rule out any 
natural trypanosomiasis. 


THE STRAIN OF TRYPANOSOMES 


(a) 7. brucet (Kasinga). This trypanosome was isolated from a dog 
naturally infected in a G. morsitans and G. pallidipes area. 

(b) 7. congolense (Mbarara) was recovered from a sheep on which numerous 
wild G. morsitans had been fed. 

(c) T. congolense (Jinja) was recovered from a dog naturally infected in a 
G. pallidipes belt. 

(d) 7. brucei (Jinja) was recovered from a dog naturally infected in the 
palpalis area on the lake shore. 


THE ANTELOPE 


(1) Ntalaganya (Cephalopus caerulus  melanorrheus). Inoculated with 
Kasinga brucei on 18.5.32 ; showed parasites 1n its blood on 26.5.32. It showed 
a progressive loss in condition, and died of uncomplicated trypanosomiasis 
on 12.12.33. Definite anaemic changes were noticed in the blood early in 
October, and the red cell count fell to less than 50 per cent. as compared with an 
uninfected control of ntalaganya kept under identical conditions in the same 
stable. Heart blood inoculated into two mice set up a fatal infection, but the 
cerebral spinal fluid, on microscopical examination, showed no trypanosomes 
and was free from leucocytes. Sub-inoculation into mice failed to set up 
an infection. 

This absence of trypanosomes in the cerebral fluid corresponds with 
Corson’s (1931) findings in dik-dik infected with 7. rhodesiense. He could find 
no evidence of infection of the central nervous system. 

It is interesting to note that the only antelope which Duke (1933) considers 
to have died of rhodesiense infection was also an ntalaganya. In this case, how- 
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ever, the duration of the disease was much shorter, 110 days, as against 200 days 
in the case of 7’. brucez. 

(2) Oribi (Montana cattoni cottoni). ‘This animal had been in captivity 
12 months and was inoculated with 7. congolense (Mbarara) on 8.7.32. Daily 
blood examination revealed no trypanosomes, and it was re-inoculated with the 
same strain from a sheep on 3.8.32. Blood examination remained negative, 
and the animal was perfectly healthy until it died suddenly from acute 
pneumonia in September. Natural infection of oribi with 7. congolense is 
reported by Bruce (1913). 

(3) Waterbuck (Cobus defassa). Captured in January, 1932, and inoculated 
with 7’. congolense (Mbarara) on 6.8.32. Daily blood examination was negative, 
and it was re-inoculated from an infected ntalaganya on 8.10.32. No trypano- 
somes were seen in its blood, and a sheep was sub-inoculated from it on 24.10.32, 
but no infection resulted. ‘The only conclusion is that this waterbuck entirely 
resisted infection with T. congolense. ‘his is a matter of some interest, as water- 
buck showing a natural infection with this trypanosome have been shot on several 
occasions (Bruce, 1915 ; Kinghorn and Yorke, 1912). 

It was then decided to test a strain of 7. brucez (Kasinga), and this was 
inoculated on 29.10.32. Parasites were present in the buck’s blood on 3.11.32 
and occasionally during November, 1932, but not since then up to the present 
time (December, 1933). 

It showed no indisposition and is in perfect health. Its blood was inoculated 
into two mice on 9.3.33, but they did not become infected. It seems, therefore, 
that this waterbuck was susceptible to a transient infection with T. brucei from 
from which it made a complete and natural recovery. 

(4) Ntalaganya No.8. Inoculated with T. congolense (Mbarara) on 28.10.32 
after 8 months in captivity. It showed trypanosomes in its blood on 4.11.32. 
It showed no ill effects from the infection, and eventually died on 28.11.33 
from acute enteritis. 

(5) Ntalaganya No. 7. This duiker was infected with T. congolense 
(Mbarara) by cyclical transmission through laboratory-bred G. morsitans. It 
was first bitten by G. morsitans on 24,.8.32, and showed trypanosomes in its blood 
on 9.9.32. During October it was inclined to lose flesh, and showed slight 
anaemic changes in its blood. Later it picked up and showed no ill effects 
from the infection. Died 10.3.33 from an accident. 

(6) Reedbuck (Redunca redunca). Captured February, 1932, inoculated with 
T. congolense (Mbarara) on 23.9.32, but did not become infected. On 29.10.32, 
it was inoculated with 7. brucei and showed trypanosomes in its blood on 
2.11.32. It remained perfectly healthy and showed no blood changes. It 
died of acute enteritis on 28.12.32. 

(7) Common Dutker (Cephalopus grimmi). ‘This specimen was captured 
as a youngster in a G. morsitans area in April, 1931. It was inoculated with 
T. congolense (Jinja) on 26.11.32. It showed trypanosomes in its blood on 
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15.12.32 and intermittently up 13.2.33, but not since that date. Its blood 
was inoculated into a goat on 5.9.33, but it did not become infected. A further 
inoculation into a bullock also failed to set up an infection. 

The duiker is still alive and in good condition. ‘This again appears to be a 
case of transient infection with complete recovery. 


ANIMALS OTHER THAN ANTELOPE 


1. Bush-Pig (Potamochoerus chaeropatomus). Captured March, 1932, and 
inoculated with 7. congolense (Mbarara) on 28.10.32. Daily blood examination 
was negative, and it was re-inoculated with the same strain from a domestic 
pig on 17.11.32. Its blood was sub-inoculated into another domestic pig on 
24.2.33, but no infection resulted. This pig was also inoculated with 7. brucei 
(Kasinga) on 13.2.32, but did not show any sign of infection. It died of worm 
infection on 18.7.33. 

2. Jackal No. 1. This animal was fully grown and had been in captivity 
since it was quite young. It was inoculated with T.. brucez (Kzasinga) on 30.11.32. 
Parasites were first seen in its blood on 3.12.33, and thereafter it showed 
symptoms of acute trypanosomiasis accompanied by keratitis. 

It was given ‘ Bayer 205’ and recovered. From my experience of 7. brucet 
infection in dogs, this case would have certainly ended fatally. 

3. Jackal No, 2. ‘This animal was inoculated with a lake shore T. brucet 
recovered from a naturally infected dog at Jinja. It was inoculated on 14.3.33 
and died of trypanosomiasis, showing the usual symptoms of keratitis on 
24.3.33. 

4. fackal No. 3. Inoculated with T. congolense on 14.3.33; parasites 
seen in its blood on 24.3.33. Died of trypanosomiasis on 22.4.33. 

In connection with the behaviour of these trypanosomes in the jackal, 
it is interesting to compare Duke’s (1933) observations in another carnivore, 
a serval cat, which he infected with 7. rhodesiense. This animal is recorded 
to have died with keratitis and rapid wasting 35 days after infection. Though 
this is longer than the duration of the disease in the jackal, it nevertheless indi- 
cates little or no resistance to the disease. Jackals are often found in tsetse 
areas, and the susceptibility of these animals is of some practical interest. ‘They 
are mainly nocturnal in their habits, but it is not uncommon to see them during 
daylight. 

5. Multimammate Mouse (Mus coucha). This rodent was captured near 
the laboratory and was inoculated with 7. brucez. It showed no resistance 


to infection and died 3 days after inoculation. 
SUMMARY 


1. Three ntalaganya, a reedbuck, a waterbuck, an oribi, a duiker, a bush- 
pig, three jackals and a multimammate mouse were inoculated with strains 
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of T. brucet and T. congolense known to be pathogenic to the ordinary laboratory 
animals and domestic stock. 

2. One ntalaganya died of 7. brucei infection. The reactions of the other 
antelope to these trypanosomes are recorded. 

3. T. brucei and T. congolense proved pathogenic to the jackal, whilst the 
pig resisted infection with 7. congolense. 

4. A multimammate mouse died of 7. brucei infection. 

5. A number of animals are still alive, and observations will continue. 


I have to thank Mr. W. F. Poulton, Director of Veterinary Services, 
Uganda, for his continued interest and help in these investigations, and for 
permission to publish this paper. 
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PART I 
I INTRODUCTION 


A warty condition of the feet, and sometimes of other parts of the body, 
has been reported from numerous localities in and outside the tropics. It is 
now almost a quarter of a century since Wolferstan Thomas (1910) gave the 
name ‘ mossy’ foot to a condition which he found in the Amazon region of 
Brazil, and since that date numerous observers in America and Africa have claimed 
to have seen the same condition. Unfortunately, however, the cases reported 
from Africa (Abyssinia, Somaliland and the Sudan) do not agree with Thomas’s 
original description. Superficially there is a clinical resemblance ; but, while 
Thomas was able to transmit the disease to a rabbit and thus demonstrate 
its infective nature (said to be mycotic), none of the African observers have been 
successful in proving the infectivity of their cases, nor have they yet demon- 
strated the presence of a fungus. 

A further element of confusion has arisen through the assumption that 
species of Phialophora and Acrotheca can cause the condition known as ‘ mossy ’ 
foot. Manson-Bahr (1929) writes that ‘the disease is said to be due to an 
infection of the skin with a fungus, Phialophora verrucosa, Thaxter, 1915..:..’ 
On referring to the literature on the subject, however, one finds that Phialophora 
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verrucosa and an allied fungus, Acrotheca pedrosoi* Brumpt, 1921, are respon- 
sible for a skin disease variously known as ‘ dermatitis verrucosa,’ ‘ dermatitis 
verrucosa mycotica’ and ‘chromoblastomycosis.’ Available literature and 
photographs show dermatitis verrucosa to be an entirely separate disease from 
the ‘ mossy ’ foot of ‘Thomas and from the superficially similar condition found 
in Africa and referred to above, which is probably a form of cutaneous elephan- 
tiasis. 

For the sake of simplicity, it is proposed to give a brief comparative descrip- 
tion of each of these three conditions, and afterwards to sum up their points 
of similarity and difference in a Table (see page 57). 


II. CENTRAL AMERICAN ‘MOSSY’ FOOT 


SYN. Pie musgoso, piemugoso, pied mousseux. 


The disease has been reported from Brazil, Honduras (Mlanson-Bahr, 
1929), Colombia (Pampana, 1929) and Peru (Arce, 1916). 

Clinical Description. ‘Thomas described a warty condition, following 
upon a crop of vesicles, affecting the dorsum of the toes, the sides of the foot 
and the heel, and tending to spread up the leg ; the advancing edge of the erup- 
tion, as seen in the photograph illustrating his paper, 1s gyrate. Over the 
heels, which were abnormally prominent, were ill-defined, warty, fissured 
masses. ‘The vegetations were painful and tender and bled freely after only 
slight injury. ‘The affected leg was oedematous in the case described in detail, 
but ‘Thomas mentions that the disease may attack other parts of the body. 

Castellani (1925) and Joyeux (1927a) described granulomatous nodules 
and masses covered by yellowish, dirty crusts. When these had been removed, 
the nodules resembled those of yaws, but were more diffuse, with a granulo- 
matus or papillomatous red surface, exuding a thin secretion which later thickened 
into a crust. 

Histology. ‘There is oedema of the corium, infiltration with lymphocytes 
and epithelioid cells ; giant cells are seen, and their arrangement is reminiscent 
of the tuberculide, though the Mycobacterium tuberculosis is not found. 

Mycology. As mentioned before, Thomas succeeded in transplanting 
the disease to a rabbit. ‘The nose was selected as the site for tissue-transplanta- 
tion, and after six week’s incubation the typical vesiculo-verrucose syndrome 
appeared ; this was subsequently auto-inoculated to the hind foot and ear, by 


| 
scratching. ‘The presence of a fungus was not proved. 
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*Syn. Trichosporium pedrosoi Brumpt, 1921; Hormodendron pedrosoi Brumpt, 1921. 
According to Brumpt (1927), this fungus was first discovered and cultured by Pedroso 
in 1913 in cases of dermatitis verrucosa in Sao Paulo, Brazil. Later, Gomes and Pedroso 
identified this fungus with Phialophora verrucosa, but still later Fonseca and Aréa Leao 
showed it to be a separate species. (See Bulloch et al., 1931). 
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Il. DERMATITIS VERRUCOSA 
SYN. Dermatitis verrucosa mycotica, chromoblastomycosis. 


This condition was first recognized by Lane (1915) and Medlar (1915a) 
in Boston. It has since been seen in Brazil by Gomes (1921), by ‘Terra, ‘Torres, 
Fonseca and Aréa Leao (1922), Ledo (1923) and Carini (1924); in French 
Guiana, by Dufougeré (1921) ; in specimens from Costa Rica and Africa, by 
Nauck (1931) ; while Buschke and Joseph (1928) have heard of a case in southern 
Russia. Mouchet and van Nitsen (1921) reported a similar condition affecting 
two natives who came from north-eastern Rhodesia. 

Clinical Description. ‘The primary lesion is a nodule, which undergoes 
central softening and suppurates. On the floor of the ensuing ulcer vegetations 
arise which eventually resemble papillomata. ‘The disease runs a very chronic 
course, and, although the feet are most commonly affected, the legs and hands 
may also be involved. In the cases seen by Mouchet and van Nitsen, ulceration 
did not take place, the process terminating by desquamation. ‘The photographs 
shown by Carini and Joyeux (19275) in no way resemble those of Wolferstan 
Thomas. 

Histology. Buschke and Joseph describe a ‘ cellular infiltration of the 
corium, which sends pointed proliferations towards the epidermis ; these become 
cornified at their extremities. ‘There are sharply defined nests of epithelial 
cells, in which, either lying free between the pus cells, or enclosed in giant cells, 
are . . . yeast-like cells.’ These yeast-like cells were first described by 
Medlar (19158). Mouchet and van Nitsen, on the other hand, state that the skin 
papillae in their cases were not elongated, but broadened, though macroscopi- 
cally the lesions resembled those described by Lane and Medlar. 

Mycology. In the original case, as well as in those of Gomes in Brazil 
and Nauck from Costa Rica, Ph. verrucosa was established to be the causative 
fungus. In other cases from Brazil (Terra et al., 1922) Acrotheca pedrosoi was 
recovered. In Dufougeré’s case, too, a fungus was found, but this was probably 
Cryptococcus gilchristt. 

Only by Mouchet and van Nitsen was no fungus recovered, though an 
attempt was made in both their cases. (A consideration of the clinical, histolo- 
gical and cultural differences between their cases and those reported from 
South and Central America suggests that these authors were dealing with a 
different condition). 


IV. VERRUCOSIS ASSOCIATED WITH CHRONIC OEDEMA 


Suggested name: ‘ Lymphostatic verrucosis.’ 


The most dramatic form of chronic oedema is undoubtedly filarial elephan- 
tiasis. If chronic oedema, therefore, can cause a verrucose condition of the skin, 
as the writer will attempt to show, it is in these cases that we should expect 
to find it frequently. Byam and Archibald (1923) do, in fact, recognize a variety 
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of the disease called elephantiasis verrucosa, while in the text-book of Castellani 
and Chalmers (1919q@) it is mentioned that the skin in elephantiasis may become 
raised into bosses or wart elevations. Medical men who have practiced for long 
in the tropics frequently regard this warty appearance as part of the elephantoid 
condition, which indeed it Is. 

Cases of ‘ mossy ’ foot reported from Africa should, therefore, be examined 
carefully and sceptically to exclude this Ivmphostatic verrucosis. Lanzoni 
(1929), in a survey of a part of Abyssinia, states that ‘ elephantiasis of the legs 
and scrotum is common, as is also mossy foot.’ ‘The juxtaposition of these 
two conditions is suggestive. Veneroni (1926) makes the diagnosis of * mossy ’ 
foot in Italian Somaliland on negative grounds, his cases being negative for 
protozoa, bacteria and fung:; Scott (1927), in reviewing this paper, draws 
attention to the absence of the last-named, and mentions that one would expect 
to find Phialophora verrucosa. Its absence, however, can be reconciled with a 
belief in the lymphostatic origin of the condition. Rojas (1923) actually asserts 
that ‘ mossy ’ foot is not a distinct morbid entity, but is an elephantoid condition 
of the skin which may arise from one or more of several causes. Excluding 
cases such as the one originally described by 'Thomes, it is probable that Rojas’s 
view is the correct one. Corkhill and Scander (1932) describe what is fairly 
certain to be this condition, the Ivmph stasis in their case possibly being 
due to the scar tissue surrounding an ulccr of many vears’ standing. In this 
case, too, examination for fungus was negative. Wilkinson (1931) believed 
a similar condition occurring in South Kavirondo, Kenya Colony, to be due 
to yvaws. Smith (1932) describes and pictures this condition occurring in West 
Africa ; he, too, was unable to isolate any fungus in his cases, and in a personal 
communication informed the writer that he did not consider the condition as 
seen in West Africa to be the real ‘ mossy ’ foot. It 1s significant that Pampana 
distinguishes two types of ‘mossy’ foot: the first, consisting of confluent 
papillomatous masses ; the other verrucose, not confluent, not readily ulcerating, 
but resembling elephantiasis. (Writer’s italics.) 

Clinical Description. Authors agree that this is a very chronic condition, 
lasting for many years before it incapacitates. The eruption consists of closely 
set filiform horny processes, usually over the dorsum of the toes and spreading 
round the edges of the foot and the heel. As shown above, it is associated with 
a chronic oedema. Ulceration is liable to develop in normal and abnormal 
skin folds, and may ultimately dominate the clinical picture. A feature of old- 
standing cases 1s the development of bosses, actually fibromata, their common 
site being on the dorsum of the foot, near the metatarsophalangeal joints. 

Histology. ‘The most prominent changes described, e.g., by Corkhill and 
Scander, are a granulomatous matrix, perivascular ‘ cuffing ’ and an astonishing 
hypertrophy of the skin papillae. 

Mycology. No pathogenic fungus, nor, for that matter, any other organism, 
has been isolated from the cases reviewed. 
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PART II 
OBSERVATIONS IN UGANDA* 
V. SOME CAUSES OF CHRONIC OEDEMA 


A condition superficially resembling ‘ mossy’ foot is commonly seen in 
Uganda, always in association with chronic oedema. It has thus been 
possible to investigate cases in all stages of the disease, and to note the earliest 
cutaneous changes in cases which have later become frankly ‘ mossy.’ 

Elephantiasis is common, but the extreme degree, as seen pictured from the 
Fiji Islands, for instance, is not encountered. It is doubtful whether the local 
cases are filarial in origin; Mucrofilaria bancrofti is rarely seen in Uganda 
in blood-slides taken at night, though it is common in the neighbouring territory 
of Tanganyika (Corson, 1925). Castellani and Chalmers (19195) quote G. C. 
Low as having failed to find either filariasis (bancrofti) or elephantiasis among 
the Baganda, though immigrant cases are met with. At the present time 
the native population in Kampala (where the writer’s cases were seen) is a mixed 
one, but several patients with clephantiasis claimed to be Baganda. It may 
be remarked that other classical manifestations of Wuchererta bancrofti infestation, 
such as chylous effusions and filarial fever, have not been reported from Uganda. 

Laigret (1929), impressed with the frequency of elephantiasis in a part of 
the French Sudan where W. bancrofti is not met with, suggested that it might 
be caused by infestation with Onchocerca volvulus. A region of Uganda has been 
found by Gibbins and Loewenthal (1933) to produce numerous cases of cutan- 
eous and nodular onchocerciasis, but elephantiasis was not found to be pre- 
valent in that region. Further, the writer has seen many cases of elephantiasis 
in districts not infested by O. volvulus, and the larvae of this parasite have not 
been found in biopsies obtained from twelve consecutive cases of elephantiasis. 


VI. CLINICAL DESCRIPTION 


Out of eleven cases of lymphostatic verrucosis, no cause for the oedema 
could be found in eight. One had chronic parenchymatous nephritis, another 
had oedema of the foot resulting from a band of scleroderma above the ankle, 
and the last had a chronic ulcer with massive cicatrization at the same site. 

Of these cases only one was a woman. All the patients were roughly of 
middle age ; it was not possible to ascertain their precise ages. ‘The following 
is a description of the stages seen in the average case :— 

(1) ‘ Velvet’ Skin. In many cases of chronic oedema, a change is seen in 
the appearance of the skin over the dorsum of the toes and foot, and sometimes 





*In order to present the disease, as occurring locally, in a complete form, it has been 
necessary in places to repeat observations of other authors, already quoted in the first part 


of this paper. 
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at the front of the ankle. The skin loses its lustre, appears darker than normal, 
and seems to be covered with a bloom. ‘The texture is that of a ripe peach, the 
colour a dark bluish-black. When examined with the hand microscope, or, 
better, when a piece is excised and its surface looked at through a dissecting 
microscope, it is seen to consist of bluntly conical protuberances, packed closely 
together and thickly covered with horny tissue. ‘That these protuberances are 
actually the tips of hypertrophied skin papillae is seen histologically. ‘ Velvet ’ 
skin is neither painful nor tender and does not, of itself, prompt the patient to 
seek medical assistance. 

(2) Lymphostatic Verrucosis. ‘This is the further development of the con- 
dition described above. ‘The individual skin papillae have increased their 
height, and the horny caps crowning adjacent papillae have become filiform 
owing to their being crowded together. ‘The parts affected are those which 
‘bulge ’ under the strain of internal pressure, 1.e., the convexities. | Where 
natural or abnormal skin folds exist, and the pressure of the adjacent surfaces 
counteracts that of the lymph below the epidermis, no ‘ moss’ is produced. 
This is well shown in Photograph I, in the transverse creases running across 
the dorsum of the foot; similarly, ‘moss’ does not appear on the plantar 
surface. It may, more concisely, be stated that, where external pressure counteracts 
the internal, verrucosis does not occur. ‘Thus, the sites most severely affected 
are the tips and dorsum of the toes, the sides of the foot and the heel. In 
these last two areas, the separate filiform processes tend to coalesce, and, as in 
the case of Central American ‘ mossy’ foot, to produce ill-defined, warty, 
fissured masses. ‘The upper edge of the eruption, however, differs from that 
pictured by Thomas. In the photograph illustrating his paper, the advancing 
edge of the eruption is gyrate and encroaches on the leg ; 1n lymphostatic cases 
it is sharply limited by the proximal skin crease over the front of the ankle- 
joint. Posteriorly it sometimes forms a pointed process along the tendo 
Achillis. ‘The oedema in these cases is usually pronounced, and may extend 
as far as, or beyond, the knee ; as one expects in chronic cases, it is hard and 
pits only on prolonged pressure. 

(3) Stage of Ulceration. 'The skin lining the inside of the creases and that 
between the toes becomes coated with sodden, offensive squamae. ‘Their 
presence diminishes the vitality of the underlying epidermis, and bacteria pro- 
bably find an easy portal of entry in these situations. At all events, ulceration, 
when it does occur, seems usually to commence on the front of the ankle or 
between the toes ; in some cases one or more toes have been lost before the 
patient presents himself for treatment. Occasionally ulceration starts in the 
fissures about the heel, and in such cases tends to spread forwards along the 
outer border of the foot. It is at this stage that fibromata tend to appear—always, 
in the writer’s experience, near the proximal joints of the toes. ‘The exuberant 
verrucae at the tips of the toes often push up the nails (see Photograph I) but do 
not appear to encroach on the nail-bed. 
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VII. HISTOLOGY 


(1) ‘ Velvet’ Skin. ‘The earliest stages (Micro-drawing 1) consist of 
a broadening of the papillae, enlargement of the lymph channels and a hyper- 
keratosis, whose outline rises and falls with that of the papillae and interpapillary 
processes. ‘This hyperkeratosis is, in the writer’s opinion, the direct result of 
lymphatic pressure. External pressure, e.g., in the palm or sole, normally, 
and at the site of corns, pathologically, is known to produce a similar thickening 
of the stratum corneum (MacLeod, 1903a). ‘The epidermal pigment becomes 
concentrated at the apex of the interpapillary processes ; normally it is denser 
here than over the tips of the papillae, but in these cases it may disappear com- 
pletely from the latter site. 

More advanced cases of ‘ velvet ’ skin (Micro-drawing I1) show a lengthen- 
ing of the papillae and an increase in the hyperkeratosis ; at the same time there 
is an increase in the depth of the prickle-cell layer (acanthosis) and a loss of 
regularity in the curves of the dermo-epidermal border. In support of the 
view that these changes are due to the lymphostasis may be quoted the observa- 


tions of MacLeod (19036): ‘ .. . a dilatation of the lymphatic vessels may 
be associated with . . . a hyperplasia of the epidermis, as in elephantiasis.’ 


The same type of change is seen also in lymphangioma circumscriptum ; 
MacLeod (1920) describes a thickening of the epidermis overlying the dilated 
lymph vessels, with elongation of the interpapillary processes and hyperkeratosis. 
A further argument in favour of the changes being due to internal pressure is the 
presence of parakeratosis limited to the apices of the distended papillae. Para- 
keratosis invariably follows oedema of the prickle-cell layer (MacLeod, 1903c), 
and in these cases it is reasonable to suppose that the prickle-cell oedema, in its 
turn, is caused by lymph stasis in the deeper tissues. 

The corium shows dilated lymph-spaces and a mild fibroblastic reaction. 
No other changes have been observed. 

(2) Lymphostatic Verrucosis. (Photo-micrograph). Here the histological 
picture is truly astonishing. The papillae have reached enormous dimensions, 
frequently coalescing, while the remnants of the interpapillary processes are 
represented by tenuous strips reaching far down below the surface. ‘That these 
strips retain their power of keratin formation is shown by the narrow core of 
horny tissue in one such process, apparently formed by the neighbouring 
invaginated epidermal surfaces. ‘The prickle-cell layer as a whole is thinned, 
except at the apices of the interpapillary processes, where it may be deeper than 
normal ; many of its components show an intracellular oedema. ‘The hyper- 
keratosis is still more pronounced than during the preceding ‘ velvet’ stage, 
and the processes crowning the papillae are sharply conical. 

The papillary layer of the corium has lost its structure completely, and now 
consists merely of a large number of distended communicating lymph channels 
and a well-marked infiltration with endothelioid and fibroblastic cells. Dilated 
capillaries are seen in some areas. No nests of cells, with or without giant- 
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cells, have been found in any of the cases, nor have the yeast-like inclusions 
described by Medlar in cases of dermatitis verrucosa. ‘The sub-papillary 
layer show similar changes in a lesser degree. 

Mycology. Four cases were carefully examined for the presence of fungus 
by Dr. R. S. F. Hennessey. Slides made from fresh and macerated skin were 
negative, as were the cultures. ‘The same negative result was obtained in two 
cases of ‘velvet’ skin. All sections have been examined carefully for the 
presence of fungal elements, none being found. 


VIII. TREATMENT 


On the assumption that internal pressure was the cause of the verrucosis 
an elastic binder was applied to all such cases who were admitted to hospital.* 
The invariable result was the disappearance of the ‘ moss ’ in from 2 to 5 weeks. 
In order to make certain that the improved hygienic conditions and increased 
rest were not responsible for this amelioration, the elastic binder was applied 
only to one foot in a bilateral case ; the untreated foot remained unchanged, 
while the treated foot lost its verrucosities rapidly. No other local treatment 
has been carried out. In a personal communication, Dr. W. H. Kauntze 
informed the writer that he had heard of marked improvement in the verrucoid 
condition following an injection of ‘ Bayer 205 ’ in certain cases in Kenya. Four 
patients were each given one gram of this compound intravenously, the dose 
being repeated after a week, and no local treatment was given. No improvement 
was seen after 1 month. The second photograph shows the condition after 
treatment with elastic binders ; the oedema of the feet had diminished, and the 
verrucosities, which had been well marked on the heels and outer borders of the 
feet (see first photograph), had given place to pale glazed areas. As might be 
expected, however, the condition recurred within 6 months of the patient’s 
discharge from hospital. 


IX. SUMMARY 


The clinical and histological evidence given points to the conclusion that 
‘mossy ’ foot occurring in Uganda (and probably also in other parts of Africa) 
is due to lymph stasis. Elephantiasis can cause this condition, as can a local 
constriction such as is produced by a band of scleroderma or the scar tissue 
surrounding a chronic ulcer. ‘The mechanism by which the warty processes 
are produced is a complicated one: the improper cornification (parakeratosis) 
is probably due to oedema of individual cells in the epidermis, especially those 
overlying the apices of the papillae. This lesion in its turn may be referred 
back to the increased lymph pressure in the papillae themselves. In this way 








*This was the suggestion of Dr. J. P. Mitchell, 0.B.£., Medical Superintendent of 
Mulago Hospital, whose interest in this investigation is gratefully acknowledged. 
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one can explain not only the diffuse hyperkeratosis but also its exceptional 
character over the papillae. Where the internal pressure is counteracted from 
outside, e.g., by the firm contact of the adjacent surfaces of a skin fold or by the 
pressure of an elastic binder, verrucosities do not form. 

So far as the question of a causative fungus is concerned, no evidence has 
been adduced that such mycotic infection occurs in cases of so-called ‘ mossy ’ 
foot in Africa. Until such evidence can be brought forward, there are no 
grounds for associating this condition with Central American ‘ mossy ’ foot, nor 
with dermatitis verrucosa. 


X. CONCLUSIONS 


(1) The term ‘ mossy ’ foot has been used to include certain cases seen 1n 
Africa which, superficially, resemble it. 

(2) Confusion has arisen between the conditions of Central American 
‘mossy’ foot and dermatitis verrucosa, owing to the organism Phialophora 
verrucosa 'Thaxter, 1915, which causes the latter condition, having been cited 
as causing the former also. 

(3) No fungus has been found in cases reported from Africa. 

(4) The condition occurring in Uganda ts probably due to lymph pressure, 
as suggested by Rojas, and the name ‘lymphostatic verrucosis ’ is suggested 
for it. 


Acknowledgements are due to Drs. N. J. Willans and R. S. F. Hennessey, of the 
Uganda Medical Service ; the former prepared the specimens obtained by biopsy, the 
latter examined certain cases for the presence of fungi. "The Director of Medical and 
Sanitary Services, Uganda, gave permission to publish this paper. 
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‘Table showing some points of similarity and difference between the conditions 
described 





Central American 


‘mossy ’ foot Dermatitis verrucosa Lymphostatic verrucosis 














Much secretion 





Distribution Central America and _ North, Centraland South As elephantiasis ; especi- 
Brazil America, South Russia, ally in tropical Africa 

Rhodesia 
E Prodromal Vesicular eruption —- ‘Velvet’ skin 
F stage 
: Macroscopic | Verrucose. Gyrate edge. Nodular. Ulcerative. Verrucose. Edge limited 
4 appearance (Painful and tender) Papillomatous by skin fold proximally. 
q (Neither painful nor 
q tender) 
q Later stages Nodular and_ crusted. — Ulceration. Fibromata 
3 








Microscopic Giant-cells Giant-cells. Medlar’s Advanced cutaneous 
appearance yeast-like inclusions oedema with hyperkera- 
tosis 
Cause Infective ; probably a Phialophora verrucosa Chronic oedema 
fungus Acrotheca pedrosot 
Treatment Cautery Iodides. Antimycotic re- | Elastic binders (temporary 


medies locally _ cure) 

















EXPLANATION OF PLATE I 


Lymphostatic verrucosis. 


(Photograph by Dr. L. J. A. Loewenthal.) 
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EXPLANATION OF PLATE II 


Fig. 1. |Lymphostatic verrucosis (after elastic binder). 


Fig. 2. Photo-micrograph of lymphostatic verrucosis. > 70. 


(Photographs by Dr. L. J. A. Loewenthal.) 
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EXPLANATION OF PLATE III 
é 
Fig. 1. Coloured micro-drawing of ‘ velvet’ skin. Haematoxylin 
and eosin. x 70. , 
Fig. 2. Coloured micro-drawing of ‘ velvet’ skin. Haematoxylin 
and eosin. x 70. 
(Drawn by Dr. L. J. A. Loewenthal.) 
| 
- 





Annals of Trop. 


Med. & Parasitol., 


Vol, 


NAV UI. 


PLATE II 





KG. 





Fic. 


H. R. Grubb, Ltd., Poplar Walk, Croydon 





a. 








MALARIA RESEARCH AND THE MALARIA 
COMMISSION OF THE LEAGUE OF NATIONS 
(From Dr. E. J. Pampana, Acting Secretary to the Malaria Commission) 
(Received for publication 13 December, 1933) 


This year, malariologists will have noticed the appearance of several 
important reports published by the Malaria Commission of the League of 
Nations, or under its auspices. 

Organised 10 years ago, the Malaria Commission began by studying the 
epidemiology of malaria as well as all the methods of malaria-control employed 
in different countries in many of which the disease had assumed epidemic 
proportions as a result of the world war. 

The first two reports of the Commission, published in 1925 and 1927, 
therefore deal with the epidemiology of malaria in the countries in which 
investigations had been carried out on its behalf and on the principles governing 
the prevention of malaria. ‘The third general report of the Commission, published 
in 1933, deals with the therapeutics of malaria, and describes the present 
status of our knowledge of the treatment of the disease and the opinions of the 
Commission on methods of applying that treatment. 

A report on housing and malaria, by Christophers and Missiroli (1933), 
deals with a problem that was taken up by the Commission in 1928. Another 
subject, malaria in the deltas of large rivers, has been investigated for several 
years by members of the Commission. Reports have been published on the 
deltas of the Danube (Zotta, 1932), the Ebre (Pittaluga et a/., 1932) and the Rhine 
(Swellengrebel, 1933), followed by a memorandum on certain general consider- 
ations on the problem (League of Nations, 1933). 

These different reports define the limits of our present knowledge on these 
three subjects, but as that knowledge is still far from complete, and malaria 
research still actively in progress, the Commission feels that lines of further 
investigation should be indicated in order to point out the problems most 
urgently calling for solution. 

The full list of questions on which the Commission recommends that 
research should be undertaken is given below. It will be noted that all the 
problems are classified under the three subjects which have been investigated 
for many years, viz., treatment of malaria, housing and malaria, and malaria 
in deltas. 

The study of these problems is not the monopoly of the League Malaria 
Commission. ‘The members of that Commission feel strongly that they should 
draw the attention of investigators all over the world to the importance of these 
problems. No malariologist denies that malaria is essentially a local problem : 
no country is alike as regards malaria. Therefore, the results of any investigation 
apply as a rule only to the country where it was made, and, if conclusions of a 
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more general value are to be reached, the observations and controlled experiences 
of different national investigations should first be pooled. 

For example, immunity to malaria varies, of course, according to the greater 
or lesser opportunity of repeated infection, to the virulence of the strain, to 
the number of sporozoites inoculated, and so on. Malaria-therapy offers a good 
opportunity for the study of this problem, but it is of the greatest interest to 
know if a strain of, let us say, P. vivax, which has proved very virulent in 
England, has the same virulence in Roumania or in Italy ; or if a Roumanian 
strain towards which patients have become immune in Roumania, as the result 
of repeated inoculation, protects against the English strain, and vice versa. 

The international co-ordination of research into malaria has proved to be 
of the greatest value ; to carry it out, however, would be difficult, if not 
impossible, without the existence of an international organisation of some 60 
members and corresponding experts like the Malaria Commission of the League. 

The following is the list of questions recommended for further investigation : 


I.—Treatment—Clinical and Therapeutical Research Work: 

Determination in hyperendemic and endemic regions of the age groups most 
seriously affected by the disease and consequently requiring most attention in the 
matter of treatment. Investigations should cover in the first place the indigenous 
population and then be extended to immigrants. 

Determination of the minimum dose of quinine sufficient for the treatment of the 
disease in hyperendemic and endemic areas where the natives have attained a certain 
degree of immunity. 

Ascertainment of the dosage (by age groups) of plasmoquine sufficient to prevent 
the gametocytes from infecting the Anopheles and the intervals (per week) at which 
it should be administered. 

Determination of the extent, if any, to which the therapeutical action of quinine 
is increased by the administration of plasmoquine (combined medication). 

A beginning should be made with laboratory research on cases of induced infection 
before proceeding to apply this method in the field. 

Continuation of clinical tests with both types of ‘ totaquina’ in accordance with 
the method laid down in the report. 

Experiments in malaria-control by means of medicaments alone without the 
application of anti-anopheline measures. 

Blackwater fever : investigation of the relations between quinine and blackwater 
fever by means of experiments on animals (malaria in monkeys). 


II.—Housing and Malaria: 
Biology and geographical distribution of the different varieties of Anopheles 
maculipennis. 
Study of the following species of tropical Anopheles from the point of view of a 
possible differentiation of races : 

(a) A. hyrcanus and its several varieties (though widely disseminated, this 
strain is not as a rule very dangerous, though it may become so in certain countries, 
and especially in Sumatra). 

(6) A. bifurcatus (unimportant in Europe, but dangerous in Palestine). 

(c) A. ludlowi var. sumdaicus (dangerous everywhere, though there is a great 
difference between its breeding-places on the coast of Java and in the interior 
of Sumatra). 

(d) A. gambiae (dangerous everywhere, though its breeding-places differ 
in the Union of South Africa and in tropical Africa). 
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Causes of the very great variations met with in the distribution of malaria in 
certain tropical regions—such as the phenomenon of immune areas in the immediate 
vicinity of hyperendemic areas—and in particular the possibility of a relation existing 
between this phenomenon and the deviation of the Anopheles. 

Investigation of the factors which make certain rice-growing areas highly subject 
to malaria while others remain immune. 

Study of the African Anopheles and the connection between the various species of 
Anopheles and malaria in Africa. 


I1I—Malarias in Deltas : 

Initiation or pursuit of research on the varieties of A. maculipennis found in 
European deltas in connection with malarial foci (Danube, Ebre, Rhine, Rhéne, Po). 

It is suggested that Indian, Siamese and Indo-Chinese malariologists might 
usefully conduct similar investigations with regard to the races of malaria-carrying 
Anopheles in the deltas of their respective countries. 

Investigation of the influence of agriculture on the domesticity of Anopheles and 
on malarial endemicity. 

Study of live-stock in connection with local anophelism and the disease. 

Historical study with special reference to malaria of variations in the topographical 
and demographical characteristics of deltas. 

Investigation of the degree of susceptibility to malarial infection of inhabitants 
of deltanic areas. 
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THE ABSORPTION OF ACRIFLAVINE BY 
TRY PANOSOMES* 


BY 
FRANK HAWKING, M.D. 
(Received for publication 15 July, 1933) 


In a short paper by Yorke, Murgatroyd and Hawking (19316) an experiment 
was described in which it was demonstrated that when normal and atoxyl- 
resistant trypanosomes are incubated at 37° C. for one hour in nutrient media, 
containing similar concentrations of a trivalent arsenical compound such as 
reduced tryparsamide thioglycollate, their behaviour is essentially different, in 
that the normal strain rapidly absorbs the drug, but the resistant strain fails to 
remove any appreciable quantity of the drug from the medium. ‘The significance 
of this difference in the reactions of the two types of parasites for theories of 
drug-resistance was indicated; it is in harmony with Ehrlich’s explanation 
that the diminution of sensitivity is due to a lowered avidity of the specific 
chemoreceptors, or with any hypothesis which explains drug-resistance on the 
basis of an increased impermeability of the parasite for the drug, while it appears 
to render untenable the hypothesis of Voegtlin, Dyer and Miller (1924), which 
postulates that a trypanosome strain owes its arsenic-resistance to a sufficient 
excess (above the physiological requirement) of sulphydryl compounds available 
for combination with arsenic. ‘The experiments described in the present paper 
constitute an attempt to study this phenomenon in greater detail. 

The difference between the tendency of normal trypanosomes to absorb 
trypanocidal drugs and that of resistant trypanosomes has been observed by 
various workers. ‘Thus, Gonder (1912) showed that normal trypanosomes would 
undergo vital staining with dyes of the oxazin series, but that trypanosomes, 
made resistant to arsenicals, became coloured only after death. Jancs6 
(1932a, 6) in an interesting series of papers has demonstrated that, if an animal 
infected with normal trypanosomes be injected with acriflavine, the trypano- 
somes absorb considerable quantities of the dye, while, if an animal infected 
with trypanosomes resistant to arsenicals or to acriflavine be so treated, the 
parasites absorb little or none of the compound. Reiner, Leonard and Chao 
(1932) exposed normal and resistant strains of 7. cequiperdum to trivalent 
arsenicals 7m vitro and found that the normal parasites absorbed measurable 
amounts of arsenic ; the resistant trypanosomes absorbed less arsenic than did 
the normal ones, but the difference between the two strains was not, in their 
opinion, sufficiently great to be significant. This is in contradiction to the 
results obtained by Yorke, Murgatroyd and Hawking mentioned above. 





* This work was assisted by a grant from the Chemotherapy Committee of the Medical 
Research Council. 
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In the present experiments the trypanocidal drug used was acriflavine. 
This was chosen because its chemotherapeutic actions 7m vitro and in vivo 
closely resemble those of trivalent arsenicals (Yorke and Murgatroyd, 1930 ; 
Yorke, Murgatroyd and Hawking, 1931a), while the brilliant green fluorescence, 
which it exhibits in dilute solution, seemed to promise a simple method of 
quantitative estimation. 

After various preliminary experiments in this direction, a technique was 
finally adopted of making up a number of known standard concentrations of 
acriflavine in the serum medium, and of matching the unknown solution against 
them, until the same intensity of fluorescence was obtained ; this had the merits 
of rapidity and convenience, and possessed sufficient accuracy for the purpose 
in hand. 


The standard concentrations generally used were 1 : 200,000, 3 : 800,000, 1 : 400,000, 
1 : 800,000 and 1 : 1,600,000. Concentrations of 1 : 100,000 appeared to emit the maximum 
fluorescence under the conditions observed, and concentrations greater than this were 
difficult to differentiate. In concentrations of 1: 1,600,000 the fluorescence was just 
visible as a faint trace, and in concentrations lower than this it was inappreciable. ‘These 
standard fluids were obtained by mixing equal parts of the serum used for the experiment, 
and of Ringer-glucose solution containing an appropriate amount of acriflavine. One c.c. 
of each fluid was placed in one of a series of small glass tubes of 0-5 cm. bore, and 1 c.c. 
of the unknown solution was placed in a similar tube. ‘The tubes were then exposed to 
the horizontal light from a bench lamp, while the intensity of their fluorescence was judged 
by looking down into them from above. In this way it was possible to distinguish with 
certainty between the various standard concentrations described, and to place them in 
their correct order ; similarly it was possible to estimate the concentration of acriflavine 
present in the unknown solution by matching it against the standard tube with the same 
intensity of fluorescence. 


The first experiment was performed to see whether normal and resistant 
trypanosomes behaved towards acriflavine in the same manner as they did 
towards reduced tryparsamide thioglycollate. 


Experiment.—A concentrated suspension of normal trypanosomes was obtained by 
centrifuging the blood of a mouse heavily infected with 7. rhodesiense ; the trypanosomes 
were washed once in nutrient medium and then added to rabbit serum (deactivated at 
62° C. for 30 minutes) in sufficient quantity to produce a concentration of about 8,000 trypano- 
somes per 256 squares of the haemocytometer scale. A suspension of the homologous 
atoxyl-resistant strain was obtained in the same manner. 0-6 c.c. of the serum containing 
normal trypanosomes was placed in each of two tubes, and similarly 0-6 c.c. of the serum 
containing atoxyl-resistant trypanosomes ; in two further tubes was placed 0-6 c.c. of pure 
serum to act as a control. "To each of these tubes was added 0°-G c.c. of Ringer-glucose 
solution containing sufficient acriflavine to produce the concentrations shown in the accom- 
panying ‘Table. After incubating at 37° C. for 40 minutes, the tubes were centrifuged at 
high speed to throw down the trypanosomes. ‘The supernatant fluid was removed for 
estimation of the amount of acriflavine present in the manner described above, and the 
deposits of tubes 1-4 were washed once in nutrient medium and again centrifuged. A small 
quantity of the trypanosomes from each tube was set up in fresh nutrient medium, to 
examine the viability of the parasites. "The deposits (which were stained bright yellow in 
tubes 1 and 2, and less yellow in tubes 3 and 4) were again washed and thrown down by 
centrifugalization ; the supernatant fluid was removed and 0:6 c.c. absolute alcohol was 
added to each in order to extract the acriflavine which had been absorbed. ‘The tubes 
were allowed to stand for one hour; then 0-6 c.c. Ringer-glucose was added to each 
(bringing the contents of the tube up to their original volume of 1-2 c.c.) and the tubes 
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were centrifuged. "lhe acriflavine present in the clear supernatant was estimated by com- 
parison with a series of known concentrations of acriflavine dissolved in equal parts of 





















































[7 absolute alcohol and Ringer-glucose. 
_ : a ; —" 
| lhe results of this experiment are shown in ‘Tables 1A and Is. 
Li ‘TABLE IA 
Showing the amount of acriflavine absorbed by suspensions of 7. rhodesiense (normal 
and atoxyl-resistant strains) when exposed to this drug for 40 minutes at 37° C. 
Initial Number of trypanosomes Concentration Concentration 
concentration Strain per 256 squares of the ofacriflavine — of acriflavine 
Tube © of acriflavine in of haemocytometer scale in supernatant in fluid used 
nutrient trypano- ——_—_- —————-. after centrifug- for extracting 
medium somes Start 40 mins. ing off trypanosomes 
trypanosomes 
] 1 ; 200,000 Normal 4,000 4,000 <1 : 1,600,600 | : 200,000 
Actively motile (no colour) 
2 | : 400,000 Normal 4,000 4,000 <1:1,600,000 <1 ; 400,000 
- Actively motile (no colour) -1 : 800,000 
3 1 ; 200,000 Resistant 4,000 4,000 <3 : 800,000 1 : 1,600,000 
Actively motile >1 ; 400,000 
-~ — —— —— a — — —_—___—__ —_—= - — 
4 1 : 400,000 Resistant 4,000 4,000 1: 800,000 = <1 : 1,600,000 
Actively motile 
5 1 ; 200,000 Control 1 ; 200,000 
6 1 : 400,000 Control 1 : 400,000 
TABLE IB 
Showing the longevity of suspensions of washed trypanosomes (normal and atoxyl- 
resistant strains), previously exposed to acriflavine for 40 minutes at 37° C. (‘Table IA) 
Source of washed Concentration of Number of trypanosomes 
be trypanosomes Strain acriflavine to which per 256 squares of the 
‘Tube suspended in of trypanosomes had been haemocytometer scale 
fresh nutrient trypano- exposed for 40 mins.- | ——_— 
medium somes before washing Start 6 hours 15 hours 
¥ - a : / eee 8 lee 
A Tube 1 (Table IA) Normal 1 : 200,000 320 Q? 5 
| B Pa ” Normal 1 : 400,000 224 160 12 
¢ ao a ‘i Resistant 1 : 200,000 216 200 164 
D a 4 - Resistant l: 400,000 260 250 940) 
oe 
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From the data supplied in ‘Tables Ia and IB it may be concluded that :— 

(1) Suspensions of normal trypanosomes (4,000 per 256 squares of the 
haemocytometer scale) remove practically all the acriflavine from solutions of 
1 : 200,000 and 1 : 400,000 in which they are thus incubated (tubes 1 and 2). 
From the deposit of washed trypanosomes it is possible to re-extract with 
alcohol the greater part of the absorbed acriflavine. ‘The majority of the 
trypanosomes exposed to these concentrations of the drug for 40 minutes, at 
37° C., are severely injured (i.e., have absorbed lethal quantities of the drug), 
since most of them die in less than 15 hours when subsequently washed and 
suspended in fresh nutrient medium (tubes A and B). 

(2) Suspensions of atoxyl-resistant trypanosomes (4,000 per 256 squares 
of the haemocytometer scale) remove only a part of the acriflavine from solutions 
of 1: 200,000 and 1: 400,000 in which they are incubated (tubes 3 and 4). 
From the deposit of washed trypanosomes it is possible to extract with alcohol 
only a trace of acriflavine. ‘The trypanosomes exposed to these concentrations 
of the drug for 40 minutes at 37°C. appear not to have been injured, since 
they are capable of living for more than 15 hours when washed and suspended 
in fresh nutrient medium (tubes C and D). 

(3) Incubation of acriflavine with nutrient medium, but without trypano- 
somes, resulted in no disappearance of the drug, as judged by the intensity of 
fluorescence when compared with freshly prepared solutions (tubes 5 and 6). 

The conclusions drawn in this experiment confirm those previously drawn 
from similar experiments with reduced tryparsamide thioglycollate, viz., that 
the sensitivity of normal trypanosomes to these trypanocidal agents (trivalent 
arsenicals, or acridin dyes) is associated with the tendency to absorb them from 
solution, while the relative insensitivity of resistant trypanosomes to these drugs 
is associated with the failure under similar conditions to absorb them. 

Attempts were next made to investigate more closely the temporal and 
quantitative relations of the phenomenon. ‘The rate at which absorption occurs 
and the effect of temperature upon this rate were first examined. In the experi- 
ment to be described, the concentration of acriflavine used was the same as in 
the first experiment, viz., 1 : 200,000, and the concentration of trypanosomes 
was 2,500 per 256 squares of the haemocytometer scale, a number two to three 
times greater than that which other experiments had shown to be the minimum 
number adequate to absorb all the acriflavine in a concentration of 1 : 200,000. 


Experiment.—A suspension of T. rhodesiense was made in 2:5 c.c. deactivated rabbit 
serum, and the number of parasites was counted. ‘The serum was warmed to 37° C. and 
an equal volume of Ringer-glucose solution containing acriflavine 1 : 100,000 (also at a 
temperature of 37° C.) was added. The tube was incubated at 37° C. At various intervals 
after mixing, volumes of 1°5 c.c. were withdrawn and centrifuged, the concentration of 
acriflavine in the supernatant fluid being estimated in the usual way. A similar experiment 
was conducted at room temperature (16° C.), The results are shown in Table II 


j 

















71 


TABLE II 


Showing the rates of absorption of acriflavine from solution by suspensions of T. rhodesiense 
at 37°C. and 16° C. respectively 











Number of Samples withdrawn for quantitative estimation of 
trypanosomes Initial acriflavine absorbed 
in nutrient concentration — 
‘lcem- medium of acriflavine Interval between Concentration of 
perature per 256 in nutrient time of mixing acriflavine in 
squares of the medium Tube and separation supernatant after 
haemocyto- by centrifugaliza- centrifuging off 
meter scale tion trypanosomes 
(minutes) 
a 2,500 1 : 200,000 l 1 1 : 800,000 
2 5 1 : 1,600,000 (i.e., a trace) 


we 
a 
e 
ad 
a 


: 1,600,000 (i.e., a trace) 





Ie Cc 2,500 1 : 200,000 1 : 400,000 


: 1,600,000 (i.e., a trace) 
1 : 1,600,000 (i.e., a trace) 


vt 
ct Ct 
a 





From the results shown in ‘Table II, the following conclusions may be 
drawn :— 

(1) When suspensions of normal trypanosomes are brought into contact 
with acriflavine in a concentration of 1 : 200,000 at 37° C., the greater part of 
the dye is absorbed from the solution in a short period of time. (Other experi- 
ments have shown that absorption is complete—1.e., all but 1 : 1,600,000 
removed—in less than two minutes.) 

(2) At a temperature of 16°C. this process occurs with almost equal 
rapidity. Since it is not possible accurately to determine the duration of contact 
in tubes 1 and 4, it is not safe to impute much significance to the difference 
in the amount of dye present in the supernatant fluids in these two cases. The 
process of absorption occurs too rapidly for it to be feasible, by the methods 
here described, to investigate the temperature-coefficient. 

The next step was to investigate the quantitative relations existing between 
the number of the trypanosomes and the concentration of the acriflavine. These 
varied somewhat from one time to another, probably owing to unknown variations 
in the serum used for the culture medium (cf. Yorke and Murgatroyd, 1930), 
but two typical experiments may be described. In the first, various numbers 
_ of trypanosomes were incubated in a standard concentration of acriflavine. 


Experiment.—A suspension of normal trypanosomes was obtained by centrifuging 
the blood of a mouse heavily infected with T. rhodesiense and adding the deposit of trypano- 
somes to rabbit serum deactivated at 62° C. for 30 minutes. Various dilutions in rabbit 








serum were made of this suspension, and 0-6 c.c. of each was placed in a small tube, as 
shown in Table IIIA. "To each tube was added 0-6 c.c. of Ringer-glucose containing 


acriflavine 1 : 100,000. 
The trypanosomes were washed in serum-Ringer-glucose and then 


small quantities set up in fresh nutrient medium to examine their viability. ‘The results 
are shown in Tables IIIA and IIIs. 


contents examined. 


Showing the amount of acriflavine absorbed by various suspensions of T. rhodesiense 
exposed for 40 minutes at 37° C. to this drug in a concentration of 1 in 200,000 


The tubes were incubated at 37° C. for 45 minutes and then their 


TABLE IIIA 



































Initial Concentration of 
concentration Number of living trypanosomes per 256 acriflavine in 
Tube _ of acriflavine squares of the haemocytometer scale supernatant after 
in nutrient - centrifuging off 
medium Start 10 mins. 45 mins. trypanosomes 
] 1 ; 200,000 4,000 4,000 4,000 <1: 1,600,000 
Actively motile | Actively motile (no colour) 
2 1 : 200,000 2,000 | 2,000 960 1 ; 800,000 
Actively motile Moderately | 
motile 
3 1 : 200,000 1,000 800 340 1 : 800,000 
Actively motile Many dead j 
4 1 : 200,000 500 278 0 1 : 400,000 
Mostly All dead 
motionless 
dD 1 ; 200,000 200 140 0 <3 : 800,000 
Mostly Disintegrated >1 : 400,000 
motionless 








Showing the longevity of washed trypanosomes which had previously been exposed in 
various suspensions to acriflavine 1 in 200,000. (Table IITA) 





TABLE IIIB 
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Source of washed Number of living trypanosomes per 256 squares of the 
Tube trypanosomes in fresh haemocytometer scale 
nutrient medium 
Start 6 hours 
A Tube 1 (Table IIIa) 60 0 
B i i 42 (many degenerate) 0 
he on re 90 (mostly degenerate) 0 





(0 i 
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Irom these ‘Tables it is seen that a suspension of normal trypanosomes, 
1,000 per 256 squares of the haemocytometer scale, is sufficient to absorb 
75 per cent. of the acriflavine from a solution 1 : 200,000. Most of the trypano- 
somes which have absorbed such quantities of the drug are dead within three- 
quarters of an hour from the commencement of the experiment. 

The second experiment consisted of exposing equal suspensions of trypano- 
somes to various concentrations of acriflavine. 


Experiment.—Trypanosomes were obtained from a mouse heavily infected with 

T. rhodesiense and were suspended in deactivated rabbit serum. Into each of four tubes 
(1-4) was placed 0-5 c.c. of serum containing the trypanosomes, and 0:5 c.c. of Ringer- 
glucose in which was dissolved appropriate amounts of acriflavine. "The tubes were incu- 
bated at 37° C. for 40 minutes, after which the trypanosomes were centrifuged off and the 
r concentration of acriflavine in the supernatant fluids estimated in the usual way. ‘The 
f trypanosomes from tubes 2, 3 and 4 were washed once and small numbers of them were 
suspended in fresh nutrient medium to investigate their viability. "The results are shown 


in 'l'ables IVa and IVs. 














"TABLE IVA 


Showing the amount of acriflavine absorbed by suspensions of 7. rhodesiense exposed for 
40 minutes at 37° C. to various concentrations of this drug 


























‘Tube Start 40 minutes 
Concentration Number of 
of acriflavine trypanosomes per Condition of Concentration of acriflavine 
in nutrient 256 squares of the trypanosomes in supernatant after 
: medium haemocytometer centrifuging off 
: scale trypanosomes 
‘ l 1: 12,500 ) All dead. About 1 : 25,000 
i Stained yellow. (difficult to estimate) 
: | ined 
2 1:25,000 0 | Motile. A few 1 : 200,000 
| dead. 
| 13,000 Stained yellow. 
| 
3 1 : 50,000 | Actively motile. 1 : 400,000 
Moderately 
| stained, 
4 1 ; 100,000 | Actively motile. 1 : 800,000 
| Moderately 
stained. 
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Showing the longevity of suspensions of washed trypanosomes previously exposed for 
40 minutes at 37° C. to various concentrations of acriflavine. (Table IVa) 











Source of washed Number of living trypanosomes per 256 squares of the 
‘Tube trypanosomes haemocytometer scale 
in fresh nutrient mie 
medium Start 5 hours | 24 hours 
A Tube 2 (Table IVa) 200 (a few degenerate) 0 
B 3 is 200 7 | 2 
C Ps 160 (a few degenerate) 11 6 





From Tables IVA and IVB it is seen that a suspension of trypanosomes, 13,000 
per 256 squares of the haemocytometer scale, absorbs about 87 per cent. of the 
acriflavine present in concentrations of 1 : 25,000 to 1 : 100,000 (tubes 2-4), but 
that such a suspension is not able to absorb such large proportions from a 
concentration of 1:12,500 (tube 1). The trypanosomes which have been 
exposed to the action of acriflavine 1 : 12,500 (and so presumably fully saturated 
with the drug) die in less than 40 minutes ; those exposed to concentrations of 
1 : 25,000 or less (presumably less fully saturated with the drug) survive for 
more than one hour and then gradually succumb to the trypanocidal effects of 
the acriflavine which they have taken up. 

From the results of these experiments, calculations could be made as to 
the maximum weight of acriflavine which can be absorbed by a given number 
of trypanosomes, and, knowing the space occupied by a million trypanosomes 
(approximately 0-03 mm.3), an idea could be formed of the intracellular concen- 
tration of the drug. But such calculations would take no account of the fallacy 
that a certain proportion of the trypanosomes in question are dead and that 
the absorptive powers of a dead parasite possibly differ considerably from those 
of a living one. 

From these experiments im vitro, attention was transferred to the state of 
affairs in vivo when a mouse, heavily infected with normal or atoxyl-resistant 
trypanosomes, receives a minimum lethal dose of acriflavine (0-5 mgm. per 
20 gm.). 


Experiment.—Three mice were taken, heavily infected with T. rhodesiense. 'The 
trypanosomes in the blood were counted, and then each mouse was injected intraperitoneally 
with 1 c.c. of water containing 0-5 mgm. acriflavine per 20 gm. mouse. Half an hour later 
the mice were killed, the blood drawn off, and the trypanosomes separated by centrifuging. 
The volume of the suspension from each mouse was made up to | c.c. and the trypanosomes 
again counted. ‘The trypanosomes were thrown down by centrifuging (the deposit of 
trypanosomes being bright yellow and the supernatant fluid colourless) and the deposit 
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extracted with absolute alcohol. ‘The acriflavine thus extracted was estimated colori- 
metrically. A similar experiment was performed with two mice infected with the atoxyl- 
resistant strain of T. rhodesiense. In this case, the deposit of trypanosomes obtained by 
centrifuging was whitish. ‘The results are shown in Table V. 


TABLE V 


Showing the amounts of acriflavine which can be recovered from the trypanosomes of 
mice heavily infected with the normal or resistant strain (respectively) of 7. rhodesiense 




















Number Number Weight of 
of Strain Dose of | of trypano- Weight of acriflavine 
Mouse Weight  trypano- of acriflavine somes acriflavine absorbed by 
somes trypano- per 20 gm. in | c.c. extracted total 
in blood somes mouse suspension trypanosomes 
per mm.? per mm.? of a 20 gm. 
mouse* 
gm. mgm. mgm. mgm. 
l 22 960,000 Normal 0-5 650,000 0-015 0-02 
2 17 640,000 Normal 0-5 300,000 0-01 0-026 
3 19 940,000 Normal 0-5 750,000 0-0175 0-02 
4 20 1,400,000 Resistant 0-5 540,000 Inappreciable 
5 19 950,000 — Resistant 0-5 400,000 Inappreciable 





* Assuming the blood-volume of a 20 gm. mouse to be | c.c. 


Irom the results shown in this Table, it is seen that the actual amount 
extracted from the normal trypanosomes of a heavily infected mouse varies from 
0-01 to 0-0175 mgm. (or, if corrections are made for the trypanosomes in the 
blood not drawn off from the mouse, about ()-02 mgm.). The former figure is 
in substantial agreement with that obtained by Jancsoé (19326), who treated two 
infected mice in this manner and recovered ()-025 mgm. of acriflavine from the 
trypanosomes of the pair. The amount of the dye actually absorbed im vivo is 
very much less than the maximum theoretical amount calculated from the 
in vitro experiments. Presumably, much of the drug has been taken up by the 
tissues of the host ; certainly there was very little to be seen in the plasma after 
centrifuging off the blood corpuscles and parasites. From the trypanosomes of 
a mouse infected with the resistant strain, no appreciable amount of acriflavine 
could be extracted ; this is in harmony with the previous 7m vitro experiments. 

In criticism of Ehrlich’s theories, it has been remarked that, according to 
them, ‘ the presence in the host’s blood of parasites having a preferential affinity 
for the toxic drug might be expected to exert an antitoxic action, by diverting 














76 


its action from the tissues * (Dale, 19238) ; and the same objection has been made 
by others. ‘The experiments just described afford some indication of the extent 
to which such an antitoxic action is exerted. ‘The minimum lethal dose of acri- 
flavine is about 0:5 mgm. per 20) gm. mouse, and the amount which can be 
extracted from the trypanosomes is about 0-02 mgm. ; this amount, 4 per cent. 
of the lethal dose, would seem much too small to exercise any discernible 
influence. 

To test this assumption, mice heavily infected with the normal strain of 
trypanosomes were injected intraperitoneally with toxic doses of acriflavine, 
and simultaneously uninfected mice were treated in the same way to serve as 
controls. ‘The results are shown in Table VI. As can be seen, there is no 
significant difference in the mortality of the two groups of animals, and, as little 
was to be expected, the investigation was not continued further. 


TABLE VI 


Showing the toxicity of acriflavine for normal mice and for mice heavily infected with 
T. rhodesiense, respectively 




















Infected mice Uninfected mice (controls) 
Dose of 
acriflavine : ‘ 
‘ . No. of idle No. of ik 
per20gm. No. of ’ lime taken for No. of lime taken for 
; mice ; . ‘ mice ; : 
mouse mice : mice to die mice : mice to die 
which which 
treated é treated ‘ 
died died 
mgm. hours hours 
2 mice: 12 2 mice: 12 
0-5 20 6 1 mouse: 18 21 10 3 a 18 
2 mice: 36 1 mouse: 24 
l1 mouse: 60 1 rm 48 
3 mice: 60 
3 mice: 18 1 mouse: 12 
0-75 12 8 4 me 36 12 4 2 mice: 18 
1 mouse: 60 1 mouse: 28 





The results of the experiments described in this paper appear to be in har- 
mony with Ehrlich’s theory in two important respects. In the first place, they 
show that normal trypanosomes possess a marked avidity for the drug (acri- 
flavine), so that they absorb it rapidly in relatively large amounts; when the 
drug has thus been brought into such close contact with the parasite, it is pre- 
sumably in a favourable position to exert its toxic action. In the second place, 
the results described above show that, although normal trypanosomes possess 
a marked avidity, resistant trypanosomes possess little or no such avidity, thus 
confirming previous work on this subject. 
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SUMMARY 


1. It is shown that, when normal trypanosomes are suspended in a solution 
of acriflavine, they absorb practically the whole of the drug from the medium ; 
from the deposit of trypanosomes it is possible to extract measurable quantities 
of the drug. When atoxyl-resistant trypanosomes are exposed to similar concen- 
trations of the drug they remove only small quantities from the medium. 

2. This absorption of acriflavine by normal trypanosomes occurs very 
rapidly both at 37° C. and at 16° C. 

3. The maximum amount of acriflavine which can be absorbed by a given 
number of trypanosomes was investigated. 

4. If mice, heavily infected with normal trypanosomes, be injected with 
acriflavine and then killed, measurable amounts of acriflavine can be extracted 
from their parasites. From the atoxyl-resistant trypanosomes of mice treated 
in the same manner, no appreciable amount of acriflavine can be extracted. 
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STUDIES ON THE FACTORS THAT MAY 
INFLUENCE THE TRANSMISSION OF THE 
POLYMORPHIC TRYPANOSOMES BY TSETSE 
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In a paper published some 20 years ago on the transmission of man’s 
trypanosomes by Glossina, Kleine, Fischer and Eckard remark as follows : 
‘ Hiernach scheint es, als ob Stémme, die erst vor kurzem den Fliegenkérper 
passiert haben, besonders fahig sind, von neuem Glossinen zu infizieren ’ 
(Kleine et al., 1914). 

Since that pronouncement, much speculation and some little study has 
been devoted to the effect upon a trypanosome of cyclical passage through 
Glossina. Schilling, from experiments carried out in 1914 and published in 1930, 
concluded that cyclical passage through tsetse eliminated acquired characters 
such as increased virulence, and claimed that even serological characters might 
undergo considerable changes—an old and virulent laboratory strain of 
T. brucet after transmission being changed into a much milder form identical, 
according to serological tests, with a strain recently recovered from a wild 
African ruminant, and entirely different from the original strain before passage 
through the fly (Schilling and Schreck, 1930). 
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Of late years it has been found that resistance to drugs, whether natural or 
experimentally enhanced or acquired, survives cyclical passage through the fly 
(Yorke et. al., 1933, and Van Hoof, 1933) ; and quite recently Lester has shown 
that resistance acquired against human serum survives this process, and has 
repeated Schilling’s observation that virulence may be reduced by cyclical 
passage through tsetse (Lester, 1932). 

The purpose of the present ‘ Study’ is to examine the effect of cyclical 
transmission through Glossina on the power of a trypanosome to develop in 
tsetse : no attempt will be made here to discuss any other eflects of repeated 
transmission, as they are outside the scope of this series of papers. 

The questions to be answered are :— 

(1) Does a single cyclical passage of a feebly transmissible strain through 
Glossina enhance the infectivity of that strain to or its transmissibility by tsetse ? 

(2) Does repeated cyclical passage through G. palpalis have any such 
effect ? 

Since the League of Nations Commission began its work in 1926, several 
strains of polymorphic trypanosomes, 7. gambiense, T. rhodesiense and T. brucet, 
have undergone a more or less prolonged series of cyclical passages through 
G. palpalis at Entebbe. The records of these series will now be examined. 

The methods of experiment and of recording the results are those already 
described in previous numbers of these ‘ Studies’ and elsewhere. ‘The date 
given against each animal’s number shows the day on which it was first infected, 
either by fly or syringe. A thin line in the schedules indicates a syringe passage, 
a thick line a cyclical passage, through G. palpalis. ‘The data recorded against 
an animal’s number are, in order from left to right, the total number of flies 
dissected (in brackets), the percentage of infected flies (infectivity index), and 
the transmissibility index (cf. Study VII) of the strain in that animal ; m. = mon- 
key (Cercopethecus), sh. = sheep, gt. = goat, and c. calf. Thus ‘sh. 161 
(24.8.26) (252) 10-1: 5-5’ signifies that sheep 161 was first infected on August 
24th, 1926; in the test of transmissibility 252 flies were dissected, of which 
10-1 per cent. were infected (infectivity index), the transmissibility index being 
3°. 

When the two indices of a strain are identical it means that all infected flies 
that lived 25 days or longer had their glands infected ; and, conversely, a large 
discrepancy between the indices means that a number of these old infected 
flies had no gland infections and were therefore non-infective. 

To avoid confusion, the dates covered by each test are not given in the 
schedules. It may be accepted, however, that each cyclical transmission takes 
about one month, and the date against each animal’s number is the day on which 
the gland-infected fly bit it (or, where the passage is direct, the day of inoculation). 

(1) Does a single cyclical passage of a feebly transmissible strain through 
Glossina enhance the infectivity of that strain to or its transmissibility by tsetse ? 

A strain of 7. brucei originally isolated by Mr. Hornby, Director of Veterin- 
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ary Services, Tanganyika, and sent to the Institute by Dr. J. F. Corson, of 
Tinde Laboratory, ‘Tanganyika, was studied for a year at Entebbe. Corson 
had found this strain readily transmissible by game tsetses, G. morsitans and 
G. pallidipes, after some 44 years’ maintenance by direct passage from vertebrate 
to vertebrate (Corson, 1932). 

My own examination of the transmissibility of this strain by G. palpalis 
began a few months later, in November, 1932. Later on, a certain number of 
G. morsitans were also used. ‘The first test of all yielded one gland infection 
in G. palpalis, but this fly did not bite a susceptible animal: the strain 
proved fairly readily infective to the intestinal tract of laboratory-bred tsetse. 
Later on, with G. morsitans, although comparatively few flies of this species 
were available, 4 gland infections were obtained and the strain was cyclically 
transmitted to a clean monkey. After this cyclical passage yet another gland 
infection was obtained, this time in G. palpalis. ‘The following summary of 
the tests allows of a comparison between the infectivity and transmissibility of 
the strain in both species of tsetse before and after cyclical passage through 
Glossina. It will be noted that the actual passage was effected by G. morsitans, 
neither of the gland-infected G. palpalis being fed upon susceptible animals. 

Summary of tests applied to this strain with G. palpalis and G. morsitans 
before and after a single passage of the strain—the first for some 5 years— 
through G. morsitans. 
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(2) Does repeated cyclical passage through G. palpalis have any effect 
on the power of a trypanosome to utilise tsetse ? 

Certain strains of polymorphic trypanosomes that have been subjected 
to a series of cyclical passages through tsetse will now be considered. The 
strain numbers are those of the Institute series, started in 1926. 


G 








Strain V. 


Patient 


64 (333) 7-2.:4-0 
(16.3.26) 





| 
i 


| 
sh, 333 (150) 6-0: 4:2 
(20.4.26) 


sh. 161 (252) 101 25+5 


(24.8.26) 


1 
m. 95 (89) 16-8 : 6-7 


m. 493 (205) 4-8 : 2-4 
(22.11.28) 








sh. 217 (377) 1:8: 1-2 
(30.12.26) 


sh. 173 (151) 3-3: 3:3 
(10.2.27) 





sh. 316 (321) 2:4:0°9 
(18.4.27) 








m. 375 (253) 3-1: 1°5 
(3.7.27) 


m. 410 (291) 1-0:0 
(11.2.28) 


m. 445 (294) 1:3.:0°3 
(8.5.28) 

m. 456 (289) 1°7:0 
(20.7.28) 


I 
sh. 216 (763) I-1: 


m. 422 (174) 4:0:2 
(24.12.27) 


m. 427 (414) 2:9: 2:0 
(6.1.28) 





sh. 458 
(27 .7.28) 


m. 612 (398) 1-0 = 1-0 
(5.10.29) 


| 
m. 625 (381) 2:1: 
(13.11 29) 
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Strain V was readily transmissible 


for 7. gambiense in G. palpalis in Uganda. 





on its first isolation—unusually so 


After two cyclical passages through 


G. palpalis the infectivity index dropped, and save at the seventh passage, where 
only 94 flies were used, the index remained low to the end of the main series. 

After 16 months in sheep 161, this strain was cyclically transmitted to 
monkey 422, in which animal the indices were well maintained in spite of the 


long stay in the ruminant. 


Strain NN : T. rhodestense : 


origin, Maswa area, Northern ‘langanyika Territory : 


local 


tsetse, G. swynnertoni 


Patient 


| 


| 


Rat 
| 


| 
vt. 143 (134) 6°7:5°5 
(26.7.26) 


sh. 144 (156) 8-9 26-3 
(26.7 .26) 





et. 176 (163) 13-4:5+1 
(14.9.26) 
| 


gt. 212 (32) 12:5: 1255 
(10.11.26) 
ec. 13 (216) 2:7: 1-3 


c. 59 (149) 0:0 





c. 19 (601) 1-120 


| 
c. 77 (213) 2-3:0 


A readily transmissible strain in the sheep and goats of the early passages. 
In striking contrast is the behaviour of the strain when examined in calves, in 
all four of which the transmissibility index was much reduced, a phenomenon 
already noted elsewhere (Duke, 1928). 
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Strain XXXIII : T. gambiense : origin, West Nile area, Uganda Protectorate: local tsetse, G. palpalis. 


Yembuga (243) 5:3.:4-7 


(—.1.29) | 





sh. 10 (237) 1:2:1°2 
(26.2.29) 


Lamb 16 (298) 0°3 


(28.2.29) 


3U 

















m. 775 (532) 1:0°5 


(25.10.30) 


m. 516 (163) 7:3: 3-6 
(29.1.29) 
| 


m. 742 (680) 3°3.:3-3 
(2.8.30) = 





| 
sh. 39 (344) 11:05 
(21.10.30) 





m. 727 (329) 2°4:0°8 
(18,8,30) 





























m, 544 (317) 3°-4:51°3 
(24.4.29) 
5 Sa 
m. 713 (447) 4-2:3°3 m. 714 (359) 13:13 
(16.5.80) (16.5.30) 
m. 556 (396) 2°3:1-5 557 (369) 3-2: 2-2 ‘ 
(5.7.29) (7.7.29) 
m. 562 (130) 2°3:2°3 
(9.7.29) 
i 
m. 598 (400) 2°7 : 2:7 
(29.8.29) 
m. 597 (403) 3°9 :3°2 
(3U.8.29) 
| m. 628 (89) 4:4: 2-9 
m. 622 (256) 3-1: 2°3 (29.10.29) 
(28.10.29) 
m. 614 (280) 3:5: 3:0 
(13.10.29) ' 
m. 650 (86) LL: LL | m. 640 (366) 1-9: 1-1 
(19.12.29) (5.12.29) 
m. 679 (256) 1:9:0°9 c. 88 (353) 0°8 :0°8 
(2.2.30) (20.10.29) m. 751 (145) 6-8: 4:0 
(3.9.30) J 
m. 699 (481) 1:8: 0°6 
(2.4.30) | 1 
sh, 36 (393) 3:5:3°5 sh. 38 (468) 1-2: 0-4 
(16-18.10.30) (20.10.30) 
I 
m. 793 (601) 3-1: 1-9 
(2.12.30) gt. 5 (338) 0-8: 0 
(22.10.30) 
m. 776 (465) 6-6 :3°7 
(24.1.31) 

In the main series this strain underwent 10 consecutive cyclical passages, 
in a period of some 19 months, from man himself through a sheep and then 
through a series of 9 monkeys. ‘This schedule presents several interesting 
features. First, there is a definite reduction apparent in both indices from the 
sixth or seventh passage onwards (at the sixth passage only 86 flies were used) 
in the main series. Also, as with strain XX, the indices in the calf are low. 
Then there is the series of direct passages through monkeys 516, 727 and 751, 
without impairment of the power to develop in tsetse, although m. 516 had been i 


infected for 564 days before its blood was inoculated into m, 727. 











Strain XLIT: T. 


Patient 


rhodesiense : 


Rat 
(May, 1927) 





~~ 
Ji 
lho 
vi 


m. 377 (276) 2: 
(18.6.27) 


et. 214 (207) 3-3:1°1 
(31.7.27) 


ae | 
J 


m. 397 (213) 7:5: 
(14.10.27) 





m. 408 (121) 9-0 :6-4 
(18.11.27) 


m,. 426 
(1.1.28) 


m. 396 (101) 12:8: 12-8 


m, 423 (336) 0-8 :0:8 
(14.3,28) 


m,. 440 
(14.4.28) 


| 
m. 448 
(8.6.28) 





m. 457 (308) 35-S :4 
m. 449 (14.7.28) 
(24.6,28) 


sh. 454 
(2.7.28) 


sh, 476 
(7.9.28) 


SD) 


origin, Ikoma area, Tanganyika Territory : 


sh. 492 
(22.11.28) 





m. 509 (168) 11°3.:9-6 
(19.1.29) 
m. 491 (163) 9-2 :9-2 


(20.2.29) 


m. 531 
(303.29) 


m,. 542 
(19.4.29) 





m, 549 
(13.5.29) 
| | 


| 
m. 552 (265) 4-1: 4:1 
(22 5.29) 


m. 564 (562) 1-2: 0-9 
(286.29) 





local tsetse, G. swynnertoni. 


m. 582 (368) 1°6:0°8 





m. 578 (363) 4:4:4-4 
(6.8.29) 


m. 603 (238) 18: 11-0 
(12.9.29) 


m. 580 (382) 1:5: 1:1 
(10.8.29) 








we 
a 


m. 617 (184) 38:3: 
(24.10.29) 


m. 635 (206) 2:4 :2-4 
(26.11.29) 


i 
m. 619 (372) 6-1:6:1 
(25.10.29) 














Strain XLII of 7. rhodesiense was maintained at Entebbe for some 24 years, 
transmitted from animal to animal, sometimes by the syringe, sometimes by 
cyclical passage through tsetse. The irregular maintenance does not permit of 
a close comparison with the other strains, but it will be seen that the indices 
were not materially altered by the end of the series. 

This schedule suggests that individual vertebrate hosts differ in the influence 
they exert on the infectivity and transmissibility of a trypanosome. An example 
of this is supplied by monkeys 578 and 580, both cyclically infected from 
monkey 564 ; also monkey 423. 

It will be seen that in monkeys 552, 578, 619, 617 and 638 the meta- 
cyclic index is unity, that is to say, all flies living 25 days had their glands infected. 


Stram NLVIT: T. brucei: origin, Buvuma Island, Victoria Nyanza: local tsetse, 


G. palpalis 
Wild fly 


Dog 


‘ 


m. 387 (204) 3: 
(2.9.27) | 


we 
— 
ee 
—" 
~ 





gt. 341 (191) 6-2:3-4 
(15.10.27) 
m. 395 (276) 5-8 :3-4 
(11.10.27) 





sh. 300 (210) 5-2 :3-2 


(13.9.27) 





m. 414 (220) 4°5:3:-1 
(16.11.27) 


Note the constancy of the transmissibility index of this strain in the 
animals of this short series of passages. 








Strain LIT: T. brucet: origin, Kazinga Channel, Western Province, Uganda. 


Wild G. morsitans or pallidipes 








Dog 

m. 889 (639) 1-7:1-2 
(11.12.31) 

m,. 894 (402) 2:2: 1-1 


(5.1.32) 


m. 915 (636) 
(9.3.32) 


= 
w 
ee 

ew 
cc 





ros 
we 


m. 948 (416) 
(26.432) 


6:3:1 


m. 960 (504) 4:3 :2°6 
(6,6,32) 








(20.7 32) 


m. 969 (760) 5°6 :3°5 
(22.7 32) 


m. 985 (184) 2:7: 1:3 
(308.32) 





m. 1021 (205) 2:9;:2-9 
(17.10.32) 


sh. 51 (477) O-°8: 


‘0 


m. 1051 (524) 
(17.11.32) 








(3.1.33) 


(11.2.33) 


(4.4.33) 





(15.5,33) 





(296.33) 








3-0 :2-] 
| 
m. 1065 (391) 4:6 :0-7 
(2.2.33) 
m. 1068 (248) 4-0: 4-0 
m. 1087 (260) 0-7 : 0-7 
(2.2.33) 
m. 1086 (389) 2-5 :2-U 
m. 1100 (228) 5:7 :5:7 
m. 1131 (421) 2-1 :2:1 
| 
| 
m. 1135 (394) 2-0:14°5 
(26.35.33) 
m. 1142 (346) 7-2 :2-0 
m. 1151 (593) 4:5 :3°6 
(6.7.33) 
| 
m. 1169 (517) 1:9.:0°8 m. 1165 (211) 1-4: 1-4 


(30.8.33) 


(28.8.33) 


m. 1182 (294) 2-3: 1-5 
25,9.33) 


During an unbroken series of 13 cyclical passages the transmissibility of 
this strain underwent no permanent alteration. 


A syringe passage was intro- 


duced after 12 consecutive cyclical transmissions, and then followed 3 more 
cyclical passages. No noticeable change was observed in the indices during 
these last 3 passages. 














S& 


Strain TT.: T. rhodesiense : origin, Northern Tanganyika Territory : local tsetse, G. morsitans and G. swynnerto 


Patient m. 1060 (272) 2-1 :0-4 
(19.12.32) 

| m. 1089 (429) 2-5 :0 
Rat (272.33) 








(28.232) m. 1082 (226) 3-1:1°5 
| (25.1.33) 

Rat | m. 1105 (189) 4:7: 1 

(104.32) (21,3,33) 


| m,. 1096 (331) 1:6:0-8 
| (11,3.33) 


~~ 


| 
m. 949 (188) 8-5 :7% 
(18.4.32) 





m. 1128 
m. 924 (124) 8:4:8 (294.33) 
(245.32) 
Reedbuck I (472) 8-2: 1-2 

(28.5.32) m, 1134 (360) 3-8 : 2-2 
m. 975 (481) 4:1:1-0 (15.35.33) 
(12.732) a ittthin lita | 

m. 1015 (233) 8:5 :3-8 m. 1136 (428) 4:4 :2 

















(3.10.32) | (26.5.33) 
1 m. 1143 (322) 3-7 207 
| (29,6.33) 
es ee eee een iene | m, 1153 (407) 4-5 3 
(9.11.32) (8.7.33) 
m. 1062 (301) 2:99:20 m. 1168 (422) 2:3:0+ 
(23.12.32) 





In this series of cyclical passages through G. palpalis there is again a reduc- 
tion of both indices, manifest first at the fourth passage of the main series. 

It is interesting to note the increase in transmissibility exhibited in monkeys 
1134 and 1136, both of which were infected by the syringe. As the infectivity 
index in m, 1143 (infected cyclically from m. 1134) is also increased, it may be 
that the single syringe passage from m. 1128 was responsible for the enhancement. 
Similar indications occur in some of the other schedules of this paper. 

Until the last two passages, the gland infections produced by this strain 
were very characteristic. Even in flies in the fourth and fifth decades of their 
infection the flagellates in the glands were scanty in number and unusually 
vacuolated in appearance. Among them there were always large round 
vacuolated forms four or five times the size of ordinary gland types: these 
forms are not peculiar to this strain but were relatively numerous. Sometimes 
these large forms appeared as central vacuoles around the periphery of which 
trypanosomes are attached. ‘The infection of the gland usually extended right 
through the viscus from duct to fundus, but at times was patchy in distribution. 





nertont 


2°35 :0°6 


— 
“J 





s §*7 
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The flies carrying these infections were readily infective. During the last two 
passages the gland infections became somewhat more intense, but the presence 
of the large vacuolated forms was still a noticeable feature. It will be seen in 
a later publication that the peculiar characters of the gland infections produced 
by this strain in the earlier passages were of unexpected value in determining 
the nature of an infection in a control animal in experiments on the antelope 
reservoir. 


DISCUSSION 


It may be contended that the inconsistencies in all these schedules are at 
least as striking as the indications they afford of genuine biological processes. It 
is true that the method of investigation employed has its limitations, the most 
important being that imposed by the variations that exist from day to 
day in the ability of the trypanosomes in vertebrate blood to infect tsetse, 
l.e., during successive phases of the endogenous cycle of Robertson (1913). 
The periodicity of this cycle undoubtedly varies in different individual animals 
and possibly also in different trypanosomes, and it may happen that the period 
selected for a test falls within a negative phase of this cycle. 

When this happens an entirely false idea will be obtained of the ability of 
the strain to use tsetse. Ideally, these tests should always be applied during 
positive phases of the cycle, which are probably much less misleading and 
variable than the intervening negative phases. A test applied during a positive 
phase tells us definitely what the strain can do in the species of tsetse employed 
in the test, whereas a negative phase is equally barren in a readily transmissible 
as in a non-transmissible strain. 

In a later ‘ Study ’ in this series of papers it is hoped to present observations 
on the endogenous cycle, as the records of the last seven years at Entebbe 
contain some valuable evidence on this interesting and rather intricate subject. 

Several points of interest emerge from the schedules given above. First 
of all, they show that repeated cyclical passage through G. palpalis from monkey 
to monkey does not commonly result in an increase in the infectivity of a poly- 
morphic trypanosome to or its transmissibility by that tsetse. On the contrary, 
in all the longer series there is actually a drop in the infectivity index after a 
few cyclical passages through the fly. As will be noted again later on, the 
monkey is not commonly a natural host of these protozoa, but there appears 
to be no evidence that this fact alone can explain the phenomenon exhibited 
in these schedules. 

Another conclusion they suggest is that within certain fairly narrow limits 
the individual vertebrate host can influence, favourably or otherwise, the 
infectivity to tsetse of a trypanosome while it is in that host. We will revert on 
this point later on. 
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It will be noticed that in strains XLII (7. rhodesiense) and LIII (7. bruce?) 
the difference between the infectivity and the transmissibility indices in each 
test is on the whole less than in strains V and 'T.J. There is reason to believe 
(Duke, 1933) that infection of the alimentary canal of a fly with a trypanosome 
is not always followed by the eventual establishment of flagellates in the glands 
of that fly. Strains have been observed and described in Uganda which can 
infect the intestine but not apparently the salivary glands of Glossina. But 
however intense its intestinal infection, a fly cannot transmit a trypanosome 
cyclically unless its glands are also infected. Evidently, then, a trypanosome 
that readily infects the alimentary canal of Glossina but has difficulty in reaching 
the glands may be in a less favourable position in nature than its fellow whose 
general infectivity to tsetse is low but which reaches the glands of every fly it 
infects. Hence the interest attaching to the degree of correspondence between 
the indices as exhibited in the schedules. 

Yet another point suggested by the schedules is that an occasional direct 
passage intercalated in a series of cyclical passages may stimulate the readiness 
of a trypanosome to develop in tsetse. 

The schedule of strain XXXIII shows that a trypanosome may remain 
for more than a year in one and the same vertebrate host without suffering any 
apparent alteration in its power of cyclical development. It has been advanced 
by Kleine, Reichenow and myself in various publications that prolonged sojourn 
in a vertebrate tends to reduce the transmissibility of a trypanosome and may 
finally destroy it altogether. I have shown elsewhere that this reduction is, 
however, not necessarily permanent, and that, on the removal of the trypanosome 
into another vertebrate by direct inoculation, the original transmissibility may 
be fully recovered (Duke, 1931). An excellent example of this is afforded by 
monkey 544 of strain XXXIII. This animal was first infected on April 24th, 
1929, and the first test, applied between May 22nd and June 14th, 1929, revealed 
an infectivity index of 3-4. A second test performed from October Ist-14th, 
1929, gave an infectivity index of 0-9. After a year in this monkey the trypano- 
some was inoculated by the syringe into monkeys 713 and 714, in which the 
indices were respectively 4-2 and 1:3. 

The last point to note is the apparent inhibitory influence exerted by the 
tissues of the calf on the infectivity of a strain to tsetse. ‘The phenomenon has 
been already recorded elsewhere and adds support to the contention that the 
vertebrate host may modify the transmissibility of the trypanosomes !n its 


blood. 

This last conclusion rests mainly on evidence acquired by the study of 
various polymorphic trypanosomes in monkeys (animals in which they are 
almost invariably lethal) and in sheep and goats (to which T. rhodesiense and 
probably 7. brucet are lethal, and 7. gambiense only feebly pathogenic or 
altogether innocuous). It remains to be seen how these trypanosomes behave 
in the various species of antelope, to which they are apparently entirely non- 
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pathogenic, although the experience acquired at Mpumu (Duke, 1912) shows 
that 7°. gambiense may retain its transmissibility for a long time in these animals. 
There is now little doubt that antelope are the most important natural vertebrae 
hosts of 7. brucez, field and laboratory observations agreeing in this point. 
Recent experience has shown, too, that 7°. rhodesiense, a rapid destroyer of 
primates and small domestic ruminants, finds in antelope a well-regulated if 
not an ideal host. It is therefore important to study man’s trypanosomes in 
these animals, in which in all probability they have worked out their present 
state of evolution. 


CONCLUSION 


(1) A single cyclical passage through G. morsitans of a strain of T. brucei 
which had been maintained for some 5 years by direct inoculation from vertebrate 
to vertebrate exerted no apparent effect on the power of the strain to develop 
in Glossina. 

(2) Repeated cyclical passages of strains of 7. brucei, T. gambiense and 
T. rhodesiense through G. palpalis did not enhance either their infectivity to or 
their transmissibility by this species of tsetse. On the contrary, the majority of 
strains so treated underwent a reduction of their power to develop in tsetse. 

(3) The evidence presented on this paper suggests that the individual 
vertebrate host may exert an influence on the power of a trypanosome to develop 
in tsetse, this effect being maintained while the trypanosome is 1n that individual ; 
on removal to a new host either by cyclical or direct transmission the power may 
be fully recovered. 

(4) There are indications in these schedules that in the calf the trans- 
missibility of a strain undergoes reduction. 
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In 1902, Laveran observed that human serum possessed the power to 
cause the disappearance of the trypanosome of nagana, Trypanosoma brucei, 
from the blood of mice infected with this parasite. ‘The sera of all other animals 
tested, excepting those of certain monkeys, were found to lack this property. 
‘The trypanocidal action of normal human serum has since been studied by a 
number of workers. An excellent critical review of the literature to 1930 has 
been presented by Yorke, Adams and Murgatroyd (1930). 

The trypanocidal action of human serum has been studied chiefly in mice 
and rats. In these animals, human serum acts either prophylactically or 
therapeutically. An injection of a serum potent in its trypanocidal action may 
completely prevent infection with the trypanosomes pathogenic for animals, 
although generally the parasites appear after some delay. ‘The therapeutic 
effect is seldom permanent. Usually, the organisms reinvade the blood in about 
one week after the serum is administered, but they can be caused to disappear 
repeatedly over a period of two or three months by successive injections of 
serum, Finally, the parasites become resistant or fast to the human serum, 
and the animal dies of the trypanosome infection, despite the administration 
of large amounts of serum. Lester (1932) has recently reported that the acquired 
serum-fastness of a strain of 7. brucez is preserved in passage through the tsetse- 
fly vector, Glossina tachinoides. Unlike the trypanosomes pathogenic for 
animals, the trypanosomes which affect man, 7. gambiense, T. rhodesiense and 
T. cruzi, are resistant to the human serum. Because human serum is unable 
to affect those forms infective for man, whereas it does readily affect the trypano- 
somes pathogenic for animals, some workers have been led to believe that 
man’s immunity to the animal parasites is dependent upon the presence of the 
trypanocidal substance in human serum. 

It seems probable that evidence upon the relationship of the trypanocidal 
power of the serum to man’s immunity to the trypanosomes which infect 
animals could be obtained from the study of the effect of human serum upon 
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T. lewist, an organism of much wider distribution than the species of trypano- 
somes affecting man and the domesticated animals, since it is found in rats all 
over the world. Because of the extensive distribution of the parasite, as well 
as because of its cyclical development in the rat-flea, Ceratophyllus fasciatus, 
which is known to convey other diseases (e.g., plague) from the rat to man, 
the potential incidence of human infection with the parasite would seem to be 
considerable. This, however, 1s not realized. Johnson (1933) has recently 
presented what he believes is the first reported case of 7. Jewist infection in 
man. ‘The effect of human serum upon T. /ewist has never, to our knowledge, 
been studied, except by Laveran and Mesnil (1902), who, in their earliest paper, 
make the brief statement with no protocol that human serum has not appeared 
to be active upon the trypanosome of rats, 7. lewist. We have studied the effect 
of human serum upon infections with this parasite in an effort to relate the 
trypanocidal activity of human serum to man’s immunity to the trypanosomes 
which infect animals. The methods and results of the work follow. 


METHODS 


The infection of animals.—Parasite counts were made upon a stock rat with 
7’. lewisi and a stock guinea-pig with 7. equiperdum.* Blood was then drawn 
from the heart of each stock animal, and a volume of the undiluted blood 
containing about 30,000,000 parasites was injected into the peritoneal cavity of 
the appropriate experimental rat. 

The administration of human serum.—Certain of the rats, as shown in the 
Table, were injected intraperitoneally with three c.c. of human serum at the 
time when the trypanosomes were introduced, in order to determine if the 
human serum exerted a prophylactic effect upon the 7. Jewist infection. On 
three occasions subsequently, once before the peak of the parasite count in the 
control rat was reached and twice after the first crisis described by ‘Taliaferro 
(1924), three c.c. of human serum were introduced intraperitoneally to test its 
therapeutic effect. In each case the injected serum represented a pool of 25 or 
more human sera delivered from the hospitals of the Columbia-Presbyterian 
Medical Centre to the Wassermann laboratory of this department. ‘The sera 
were drawn from the patients not more than one day prior to their use, and 
were kept at room temperature. 

The parasite counts,—Parasite counts were made by means of a Bausch and 
Lomb haemocytometer upon blood taken from the tip of the rat’s tail, just 
before and 24 hours after the serum was injected. 

RESULTS 


No evidence that human serum exerts a prophylactic effect upon the 
T. lewisi infection is seen. ‘The rats given the serum simultaneously with the 





* Both strains of trypanosomes were supplied to us by Dr. W. H. Taliaferro, of the 
University of Chicago. 
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infecting dose of trypanosomes exhibited the infection after the same interval 
as those not given serum. At the time of the first of the attempts to demonstrate 
a therapeutic effect of the serum upon T. Jewist, the parasites were in the stage 
of rapid multiplication. Multiplication continued after the injection of the 
serum, and from none of the rats infected with T. Jewisi were the organisms 
eliminated by the serum. ‘The results of the second therapeutic injection are 
less clear-cut, since one rat was free of the parasite one day after the injection 
of serum. It seems probable, however, that this animal experienced an abortive 
type of the infection, and that the elimination of the parasites was caused, not 
by the injected serum, but by the development of specific lytic antibodies in 
the rat. No evidence of trypanocidal activity upon J. Jewisi was seen after 
the third therapeutic injection of human serum. 

The trypanocidal potency of the serum employed was controlled in every 
case by testing its activity in a rat infected with 7. equiperdum. In contrast 
to its lack of effect upon the 7. lewisi infection, the serum was found to prolong 
the incubation period of the 7. equiperdum infection for about one week, and 
to cause the prompt and complete disappearance of the parasites from the 
blood-stream of infected animals. 


DISCUSSION 


‘The existence of a relationship between the trypanocidal activity of human 
serum and the natural immunity of man to the trypanosomes pathogenic for 
animals was first suggested by Laveran and Mesnil (1902). Yorke and his 
co-workers (1930) have also supported this point of view. ‘The latter investi- 
gators have postulated that the serum-fast strains pathogenic for man have 
originated from the serum-susceptible nagana organism, 7°. brucez. ‘The first 
human infections were thought to have appeared in persons suffering from 
a deficiency of the trypanocidal substance because of some pathologic or dietetic 
disturbance. A considerable quantity of experimental evidence supporting 
the opposite point of view has accumulated. Corson (1931) found, for example, 
that the serum of patients suffering with trypanosomiasis was as active as the 
serum of normal persons upon the trypanosomes which are pathogenic for 
animals. Corson (1933) has also reported that certain strains of guinea-pigs 
and white rats, which were resistant to 7. brucei, possessed no trypanocidal 
substances in their serum. Fairbairn (1933) found that a strain of T. rhodestense 
which after the ninth passage in rats became susceptible to human serum was 
still infective for man. Collier (1924) has reported that a strain of T. brucet 
which had been made serum-fast in rats was unable to infect himself and others 
whom he injected with the strain. The present work with T. dewist also indicates 
that the natural protection of man against infection with the trypanosomes of 
animals is not dependent upon the trypanocidal activity of the human serum. 
All these findings are in some respects similar to the results of Gengou, who, 
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many years ago, from a study of the immunity to the bacterial infection anthrax, 
concluded that there was no relationship between the refractory state towards 
anthrax and the presence in the serum of anthracidal substances. We are 
inclined to agree with Adams (1933), who has recently stated that the immunity 
of man to the trypanosomes pathogenic for animals depends on factors other 
than the trypanocidal power of the serum. 


CONCLUSION 


The course of 7rypanosoma lewist infection in rats is not affected by injections 
of human serum which exert prophylactic or therapeutic effects upon the course 
of T. equiperdum infection in rats. ‘The resistance of 7. Jewisi to the effects of 
human serum is additional evidence that man’s immunity to the species of 
trypanosomes which naturally infect animals is based on factors other than 
the trypanocidal activity of the human serum. 
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THE THEORY OF HOST SPECIFICITY AS 
APPLIED TO CESTODES 


BY 


F. J. MEGGITT 
(University of Rangoon) 
(Received for publication 5 February, 1934) 


In a recent, extremely valuable, paper, the theory of the host specificity 
of cestodes, 1.e., the natural limitation of any species of cestode to a single group 
of hosts, has been strongly advocated by Fuhrmann (1932). My experience 
being much less extensive than his, it is with considerable difidence that | 
venture the following criticisms. But I feel that certain facts in opposition to 
the theory have not been adequately considered, and with these the present paper 
attempts to deal. 

In his discussion of the dubious cases not in accordance with the theory, 
Fuhrmann concentrates chiefly upon those recorded by the writer and by 
Southwell. Waiving, for the present, any consideration of these, the following 
Table gives some of the records of other investigators subsequent to 1914, no care 
having been taken to render the list complete. 


"TABLE I 








Name of species Order of host Authority 
Anomotaenia brevis Piciformes Skrjabin 1914, 433 Not a direct observation 
Clerc 1902 Passeriformes Fuhrmann 1932, 317 
A. cyathiformis Coraciiformes Fuhrmann 1932, 295 
(Frélich 1791) Galli-Valerio 1932, 132 
Passeriformes Fuhrmann 1932, 303 
Joyeux & Baer 1928, 216 
A. depressa Coraciiformes Fuhrmann 1932, 295 
(Siebold 1856) Passeriformes Neyra 1923, 100 
Skrjabin 1914, 432 Not a direct observation 
Biuterina trapezoides Coraciiformes Skrjabin 1914, 448 
Fuhrmann 1908 — Passeriformes Fuhrmann 1932, 307 
Diorchis acuminata* Anseriformes Fuhrmann 1932, 208 
(Clerc 1902) Linton 1927, 52 
Ralliformes Joyeux & Baer 1928, 218 





*The two references given by Fuhrmann in a footnote (p. 17) do not mention this species. 
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Name of 


Species 
Dipylidium caninum 
(L. 1758) 


Drepanidotaenia 
lanceolata 
(Bloch 
H\menolepis anatina 
(IXrabbe 1869) 


1782) 


He. diminuta 
(Rudolphi 1519) 


H. villosa 
(Bloch 1782) 


Lateriporus biuterinus 

Fuhrmann 1908 
Linstowia echidnae 

(Thompson 1893) 


Metroliastes lucida 
Ransom 1900 


Monopyvlidium 
crateriforme 
1782) 





(Goeze 
Nematotaenia 
ragerskioldi 
Janicki 1926 
Ophryocotvle proteus 


Friis 1870 

Paruterina vesiculigera 
(Krabbe 1882) 

Raillietina pintneri 
(Klaptocz 1906) 


‘TABLE I 


Order of host 


Carnivora 
Primates 


Anseriformes 
Primates 


Anseriformes 


Ralliformes 


Rodentia 
Primates 


Charadriutormes 
Galliformes 


Anseriformes 
Lariformes 


Nlonotremata 
Mlarsupialia 
Anseriformes 
Galliformes 
Coraciuformes 
Piciformes 


Lacertilia 
Anura 


Charadriiformes 


Lariformes 


Coraciformes 
Passeriformes 
Galliformes 
Carnivora 
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(Continued ) 


Authority 


No reference needed 
Brumpt 1927, 586 
Blackie 1932, 52 
Correia 1925, 1555 
Faust 1926, 14 


Fuhrmann 1932, 204 
Zschokke 1902a, 331 
19026, 337 


Fuhrmann 1932, 204 
1903 


Stiles and Hassell, Index 


Clerc (quoted from 
Catalogue) 

No reference needed 

Chandler 1927, SO: 96 

Keller 1931, 108 

Wolfthiigel 1920, 6 

Fuhrmann 1932, 261 

Baer 19256, 57 

Joyeux & Mathias 1926, 335 

Fuhrmann 1932, 203 

Joyeux & Baer, 1928, 216 

Sigalas 1923, 200 

Maplestone & Southwell 
1923, 326 

‘Thompson 1893, 297 

Ortlepp 1922, 611 


Cram 1928 (p. 4 in my 
reprint) 

Fuhrmann 1932, 268 

Skrjabin 1914, 4438 

Fuhrmann 1932, 288 

Baer 1933, 79 

Joveux 1924, SO 

Baer 1933, 81 

Friis 1870 (quoted from 


Stiles and Hassell, Index 
Catalogue) 
Fuhrmann 1932, 245 

Linton 1927, 18 
Fuhrmann 1932, 295 
Skrjabin 1914, 432 
1932, 270 


Baer 1925a, 57 


Fuhrmann 


Joyeux & Baer 1928, 33 





Not a direct observation 


Not a direct observation 


Not a direct observation 


Not a direct observation 


Not a direct observation 


Pseudo-parasite 


” 





i 
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TABLE I—(Continued) 








Name of species Order of host Authority 
R. sphecotheridis* Passeriformes Fuhrmann 1932, 302 
(Johnston 1914) Baylis 1928, 613 

Piciformes Baylis 1928, 613 
Scansores Baylis 1928, 612 
Tatria acanthorhyncha | Ralliformes Leon 1920 
(Wedl 1855) Podicepediformes Fuhrmann 1932, 185 
Tetrabothrius macro- Colymbiformes Fuhrmann 1932, 183 
cephalus Linton 1927, 15 


(Rudolphi 1810) | Podicepediformes Fuhrmann 1926, 51 
Linton 1927, 15 


*Fuhrmann (p. 16) states: ‘ Il semble les considérer comme appartenant a l’espéce indiquée 
| 


‘ 


uniquement parce que les individus étudiés possédaient ‘a spiny collar round the base of the 


It is unlikely that a helminthologist of the standing of Baylis would so casually 


x» > 


rostellum. 
identify a species and ignore other characters. An unsupported statement of this nature cannot be 
considered as evidence. 


From the above it may be seen that the host of specificity theory is dis- 
regarded by most modern helminthologists, and that Fuhrmann himself records 
certain species from two host groups. 

‘The cases adduced by the writer cannot be so summarily dismissed as has 
been attempted. Re-examination of specimens of ‘ Cittotaenia avicolae’ 
confirmed the complete absence of a rostellum; the suggestion that it is a 
Cotugnia is therefore untenable. Since anatomical characters preclude its 
inclusion in other genera, the only alternative would be the creation of a new 
species unseparated by any anatomical peculiarities from others of the same 
genus. In the cases of both Hymenolepis kowalewski and H. uliginosa it is defi- 
nitely stated that the identification was only tentative ; these, therefore, should 
not be quoted as disproved instances of the occurrence of a species outside its 
normal range. Further consideration of these cases, together with that of 
Choanotaenia (Paricterotaenia) megacantha, falls under another head. ‘The 
following Table gives the characters of Cotugma parva according to Baer (1925a, 
247) and to Meggitt (1931, 251), only those points mentioned in both descrip- 
tions being given. 

‘TABLE II 





Arrange- 
Length Width Scolex Rostellum No. of ment of 
dia. dia. testes testes 
Baer 7 | 0-5 0-014—-0-016 30 1 band 
Meggitt 19 1-1 0-5 0-012-0-014 35-41 | band 


All measurements in mm. 
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A comparison of the characters given fails to reveal any reason for the 
separation of the two forms as two different species. ‘The case of Amoebotaenia 
sphenoides from the duck is one upon which I cannot speak with absolute 
certainty from my own knowledge. A single specimen was collected by a research 
student who, despite strict cross-examination and with no reason for telling 
anything but the truth, persisted in the asseveration that its host was a domestic 
duck, killed in one of the College hostels ; investigations showed that many ducks 
but no fowls were killed on that day. This is undoubtedly the record of a 
psuedo-parasite, but that is no reason why the actual record should be dismissed 
as incorrect. An examination of the evidence thus justifies my records. ‘These, 
taken in conjunction with the Table just given and the many cases passed over 
by Fuhrmann with explanations based on assumptions, show that the exceptions 
to the theory are too numerous to be dismissed by hypothetical errors in labelling 
or by presumption of the confusion of two separate species. It should be 
stated, however, in fairness to the theory, that many undoubted cases of the 
confusion of two species under one name by experienced helminthologists 
do exist, and that it is possible, though not in the opinion of the writer, for many 
of the above cases to be so explained. 

The possibility of a pseudo-parasitism is obvious. This is the highly 
probable explanation of such occurrences as that of Drepanidotaenia lanceolata 
in a man and in anseriformes, for example, or of Choanotaenia infundibulum 
in both the fowl and Milvus, as suggested by Fuhrmann—in fact, of all cases 
where the parasite is of frequent occurrence in one host group and of single 
or rare occurrence in another. ‘There are, however, numerous cases of a single 
record of a cestode (e.g., Raillietina allegea, Hymenolepis annandalei, Cotugnia 
fuhrmanni, Anomotaenia accipitris, etc.) ; in the event of a similar form occurring 
in another host group, it would be difficult to ascertain which was the true and 
which the pseudo-parasite. An appeal to the genus is of no use, as species of the 
same genus are definitely known from widely separated hosts (e.g., Hymenolepis 
from 23 bird groups and 4 mammal, Diplopylidium from 2 bird and 1 mammal, 
Taenia s. str. from 3 bird and 6 mammal, Tetrarhynchus from fish and snakes, 
etc.). It follows that, if, by any chance (the host being rare and but seldom 
dissected), the pseudo-parasite is first encountered, it is then firmly established 
as a species; by the host specificity theory, any records from another group 
must of necessity be those of another species. That this is not pure supposition 
is shown by the case of Linstowia echidnae (Thompson, 1893), recorded twice 
by Thompson and by Maplestone and Southwell from Tachyglossus aculeatus, 
and once from Perameles obesula by Ortlepp. Is the species a pseudo-parasite 
of the Monotremata or of the Marsupialia ? With regard to Cittotaenia psittacea, 
Baer (1927, 57) states: ‘ Nous nous trouvons ici en présence d’une des trop 
nombreuses erreurs d’étiquettes, et ne pouvons dire avec certitude lequel des 
deux hdétes ci-dessus est le vrai.’ Pseudo-parasitism can only be considered 
a valid explanation for the rare occurrences in other groups of forms already 
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common in, and confined to, a second group, and is no explanation for an 
apparent aberrant occurrence in an unexpected order of hosts of species pre- 
viously recorded only occasionally. Further, pseudo-parasitism undoubtedly 
does occur. A record from an unusual host is therefore not a separate proof of 
specific identify, nor of errors in labelling, confusion of two species, etc. : it 
may merely be that of a pseudo-parasite. 

The bearing of the systematic position of the host has still to be considered. 
No classification is ever wholly accepted by authorities, and divergencies in 
opinion may often in the aggregate be considerable. ‘The following ‘Table 
gives the status of a few avian orders, according to different authors. 


TABLE III 











Boubier (1930) Low (1929) Wetmore (1926) Sharpe (1899) Baker (1927) 
Alcediformes Coraciiformes Coraciiformes Coraciiformes Coraciiformes 
Bucerotidiformes Coraciiformes — Coraciiformes Coraciiformes 
Capitoniformes Piciformes Scansores Coraciiformes 
Caprimulgiformes — Coraciiformes Coraciiformes Coraciiformes Coraciiformes 
Coliiformes Coraciiformes ~- Coraciiformes --- 
Cypseliformes Coraciiformes — Coraciiformes Coraciiformes 
Jaccamariformes Piciformes Coraciiformes Piciformes — 
Lariformes Lariformes Charadriiformes Laritormes Charadriiformes 
Otidiformes Charadriiformes Charadriiformes Charadriiformes | Charadriiformes 
Piciformes Piciformes Coraciiformes Piciformes Coraciiformes 
Psittaciformes Psittaciformes Psittaciformes Psittaciformes Coraciiformes 
Rhamphastiformes _ Piciformes Coraciiformes Scansores — 
Strigiformes Strigiformes Coraciiformes Strigiformes Coraciiformes 
‘Trochiliformes _ Coraciiformes Coraciiformes -- 
Upupiformes | Coraciiformes Coraciiformes Coraciitormes 


From the above, to take definite examples, the Rhamphastiformes and the 
Capitoniformes are considered by Boubier as separate orders, but are grouped 
in the Scansores by Sharpe, and in the Coraciiformes by Baker. ‘The Piciformes 
are an order in the opinions of Boubier, Low and Sharpe, but are included in the 
Coraciiformes by Wetmore and Baker. ‘The Cypseliformes are considered an 
order by Boubier alone. It is possible that, had the number of authorities at my 
disposal been greater, still further differences in addition to those listed above 
could have been quoted. ‘This conflict of opinions may be explained by the 
following quotation from Sedgwick : ‘ It must not be supposed that the divisions 
here called orders, and sub-orders, at all correspond in value with the 
similarly named divisions in other classes; for as has already been pointed 
out (p. 417) the differences between them are hardly if at all greater 
than those which distinguish families in other classes of Vertebrata.’ Thus, 
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in the * Fauna of British India,’ keys are given for the separation of all sub- 
divisions of every group, except for birds: there, for the main orders, no key 
is supplied. The effect of this on the host specificity theory is considerable. 
‘To take a definite example, Raillietina sphecotheridis has been recorded from both 
Capitoniformes and Piciformes. If Boubier’s classification be adopted, by the 
host specificity theory, these must be records of two different species ; if that 
of Low, they may be considered the same. ‘The basis of the classification is thus 
moved from the parasite to the host. ‘Two cestodes from different host groups, 
alike in anatomy, are by the theory different species ; an error resulting in a 
change of the host label can alter the one of these species to the other. ‘The next 
logical step would be that genera should be considered to be confined to one 
host group. ‘Thus Fuhrmann (p. 328) states: ‘ Maplestone, P.-A. (1921) 
a décrit de Burhinus grallarius (Lath.) (Charadriiformes) une Angularilla (Angu- 
laria) australis (Maplestone). Le genre Angularella habitent les Passeriformes, 
l’espéce de Maplestone est peut-é€tre une Gyrocoelia ? ’ 

The question is thus resolved into a conflict between two opposing views : 
in the identification of a cestode, shall the anatomy of the parasite be the deciding 
factor, specimens lacking vital differences being regarded as belonging to the 
Same species, irrespective of the systematic position of the host ; or shall weight 
be placed upon the systematic position of the host and species from different 
host orders ex hypothesis be regarded as different species? ‘To the author, 
the first alternative appears the only one tenable ; any other course would 
result in the multiplication of numerous species, and possibly genera, anatomi- 
cally indistinguishable from one another. The specimens listed in the first Table 
were regarded by their discoverers as being clearly differentiated from all others 
in the same host group (the easiest way to identify a cestode being first to consult 
the records under that host) ; unless identification rests upon the anatomy of 
the specimen without regard to the systematic position of the host, these must 
be regarded as new species. In that case, no identification can be made unless 
the name of the host first enables the investigator to ascertain the order to which 
it belongs ; otherwise a form may be included in an already existing species 
when discovery of the host order, and that alone, reveals that it should be regarded 
as new. It appears to the writer that the only safe procedure is to determine 
the identification solely on the basis of the anatomy of the specimens and, lacking 
any grounds of differentiation, to include them in an already existing species, 
irrespective of the systematic position of the host. 
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INTRODUCTION 


Blow-flies (subfamily Calliphorinae) are well-known pests, in that they not 
only.enter human dwellings and lay their eggs in food stuffs, but also in human 
and animal tissues. ‘The genus Lucilia contains two species of major importance, 
sericata and cuprina, both of which are very widely distributed and common 
flies. Lucilia sericata lays its eggs in soiled wool, etc., of sheep in Australia 
(a coastal species), South Africa, Holland and the British Isles; in China it 
commonly lays its eggs in bacterially infested human tissues. JL. cuprina also 
lays its eggs in soiled wool in Australia, where it is a widely distributed inland 
species. In India, and to some extent in Africa, it lays its eggs in diseased 
human and animal tissues. ‘These two species, therefore, fall into the group 
of semi-specific myiasis-producing flies, in that, though normally breeding in 
decaying carcases, etc., they will also lay their eggs in decomposing human and 
animal tissues. ‘This habit is correlated with the structure of the ventral wall 
of the pharynx of the larva, which is in each case ribbed, proving that they are 
not true parasites, but necrobiots. 

The larvae of sericata have been extensively used in America (and allied 
species elsewhere) in the treatment of septic wounds, septic bone conditions 
(osteomyelitis), and even in tuberculous lesions. It will be remembered that 
this use of its larvae was initiated by the late Dr. Baer, who during the Great 
War noted that larvae-infested wounds were in a more satisfactory condition 
than uninfested ones. A technique has now been elaborated in America 
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whereby the larvae can be raised from sterilized eggs, and maintained in the 
tissues until all septic and diseased material has been removed. Baer suggested 
that the curative action of the larvae was not only due to their ingesting dead 
material, but also to some biochemical substance formed while they were present 
in the tissues. Livingston and Prince suggested that the substance (thera- 
peutic agent) was produced in the tissues by contact with the larvae ; it not only 
destroys pathogenic bacteria but it is in time inimical to the larvae themselves. 
‘The diseased parts become increasingly alkaline, and this change, together with 
the scavenger activities of the larvae, render the tissues an unfavourable medium 
for further bacterial invasion and growth. ‘There is no evidence at present that 
when used in this way the larvae burrow deeply into the underlying healthy tissues, 
attack and destroy them ; and we have no evidence that either sericata or cuprina 
will lay their eggs in clean (uninfected) wounds, cuts, abrasions, etc. We believe 
that Cochliomyia macellaria falls into this group (for the ventral wall of the 
pharynx of the larva is also ribbed), and that it is a necrobiot, and not a true 
parasite. Now that we know that the true screw-worm fly of the New World 
is Coc. americana there seems no reason why the larva of macellaria should not 
be similarly used in the treatment of septic surgical conditions. We have many 
specimens of the true macellaria bred from larvae collected from a large sloughing 
ulcer of the leg of a man, and we also know that this larva has been recorded 
from similar diseased conditions in both man and animals; but we have no 
evidence that the larvae, when present in such lesions are really detrimental ; 
everything seems to point to their being, on the contrary, beneficial. As far as 
man is concerned, then, these species are not primary myiasis-producing flies 
—that is to say, they do not (to our knowledge) lay their eggs in clean cuts, 
wounds, etc., but only in diseased tissues where there is much decomposing 
animal matter. ‘lhe true primary or specific myiasis-producing flies, on the 
other hand, lay their eggs in the smallest wound, cut, abrasion, etc., and their 
larvae rapidly invade and destroy healthy tissues, opening the way to further 
bacterial infection and invasion of the tissues later, by the secondary or semi- 
specific myiasis-producing species. 

We recall here one case out of many recorded by one of us. An Indian 
girl had the lobes of her ears pierced for earrings ; the small blood-stained 
perforation in one was left uncovered, and a female Chrysomyia bezziana laid 
a small mass of eggs on it; before the parents recognised what had happened, 
the larvae had destroyed the tissues to such an extent that the small perforation 
was now a gaping wound which went septic, with the result that a good part 
of the lobe was destroyed and the ear deformed. Here there was no question 
of any diseased tissues which attracted the female bezziana, and the presence 
of the larvae had clearly produced some marked toxic action on the tissues. 
It should be noted here that Chy. bezziana does also, to some extent, lay its eggs 
in tissues already infected with bacteria, but the larvae soon burrow down to 
the healthy tissues below. 
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In the case of sheep, the female sericata (and cuprina in Australia) is attracted 
by the odour (if that is the true attraction) emanating from what has been loosely 
termed ‘ soiled ’ wool—that is, wool harbouring bacteria which cause the fibres 
of the wool to disintegrate, and later leads to decomposition of the skin scales. 
Once the larvae are established in close contact with the skin, this becomes 
infected and dermatitis develops and extends rapidly. ‘The various lesions 
in the breach, crutch, and tail of sheep, and the so-called sweaty conditions, 
‘ pizzle’’ disease, etc., are pathological processes in which decomposition is 
taking place, with the production of much dead tissue from which the attracting 
odour emanates. As the infestation and decomposition extends, further 
destruction of the tissues is accelerated by rubbing and scratching, etc., until 
large toul-smelling wounds are produced; this is a common condition in 
Lancashire. 

In Australia, these conditions now lead to the invasion of the diseased 
tissues by the hairy larvae of species of Chrysomyia. It will be remembered 
that one of us first pointed out that the hairy larvae of species of Chrysomyia 
are predaceous, and are mainly, if not entirely, attracted to decaying carcases 
by the presence of other Calliphorine larvae on which they feed. ‘The first 
time this habit was noted was in a large heap of horse manure in Mesopotamia 
(1916), where the larvae of Chy. albiceps were found in large numbers feeding on 
the larvae of Musca vicina and M. sorbens. The larvae were not feeding on the 
manure. ‘hese so-called hairy maggots are admirably adapted structurally 
for this habit, the cephalopharyngeal skeleton being narrow and heavily chitinized 
and the ventral wall of the pharynx, in those we have examined, being smooth. 

As there are, at the present time, no adequate descriptions of a comparative 
nature of the male and female terminalia of the species of the genera of the 
Calliphorinae, we propose, in a series of papers, to describe and illustrate them 
fully. ‘These comparative studies, and we should like to emphasize the word 
comparative, will enable us : (1) to give reliable practical guides for the identifica- 
ion of the species and genera; (2) to reach final conclusions as to the status, 
affinities and relationships of the various species within each genus, and their 
true grouping ; (3) to fix the limits of each genus in relation to allied genera ; 
and lastly, (4) to fix the limits of the subfamily Calliphorinae. In this and another 
paper in this number, we are describing briefly the male terminalia of two species 
of Lucilia and one of Chrysomyia, pretacing the descriptions with a short account 
of the male terminalia of the type of each genus. Only the salient characters 
of the parts, which are necessary for identification and elucidation of the affinities 
of the species, will be noted, so as to minimize space. It is important to note 
that in each case the description is drawn up with the parts in their natural 
position. ‘The species will be dealt with in no particular order. ‘The illustrations, 
which are as complete as possible, are meant to supplement the short descriptions, 
and should be made full use of ; variations in the structure of the parts will in 
each case be illustrated. ‘The locality from which the specimen, whose terminalia 
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have been illustrated, will be noted, and parts of the terminalia of species from 
widely separated areas will be illustrated whenever this is possible. With 
regard to the illustrations, it is important to note that they are executed by one 
of us from specimens mounted in Canada balsam without compression. We have 
introduced a new type of drawing, viz., that of the VIth sternum, VIth, VIIth 
and Xth terga, and the phallosome and appendages as seen in side view. ‘The 
parts are lettered in the case of the drawing of L. caesar (fig. 1), and the same 
structures can be recognised in the case of the similar drawings of the parts of 
other species of Lucilia and those of Chrysomyia. ‘These illustrations, all drawn 
to the same scale, will be found useful for rapid identification, by the simple 
procedure of drawing back the anal cerci and distal segments of the ninth coxites 
for sucha view. ‘The phallasome, one paramere, and the pump sclerite, enlarged 
drawings of the parameres, the side and ventral views of the anal cerci, the 
ninth tergo-sternum, and the fifth sternum are in each case drawn to the same 
scale. 

In subsequent papers we shall continue the descriptions and illustrations of 
the terminalia of the species of the two genera, and also those of species of other 
genera, including the so-called testaceous Calliphorinae. ‘The preparations of the 
parts of most of the species have already been made, and the descriptions will be 
published as soon as the illustrations have been executed. The female terminalia 
of the species will also be described and illustrated. In later papers we shall 
describe the salient characters of as many larvae as we possess, and, in a final 
paper, in each genus we shall give practical regional guides to the species, 
noting their affinities and their natural grouping, discuss the limits of each 
genus, and finally that of the subfamily Calliphorinae. 

We should like to take this opportunity of appealing to all medical and 
veterinary officers, medical and general entomologists and dipterists, to help 
us with specimens of both sexes from their localities, especially those species 
found on islands and high altitudes, for such species often provide important 
links in the natural grouping of the species. Bred specimens with larvae are 
the most valuable. It is not necessary to pin the specimens, but they should 
on no account be placed in alcohol, as this makes the parts (especially the soft 
tissues) hard, brittle, and difficult to dissect; dried, unpinned specimens 
are the most suitable for these studies. We shall be glad to correspond with 
anyone willing to help us with material. Specimens of the same species from 
widely separated localities will enhance the value of these studies by providing 
material for the study of variation, an important point which has not received 
sufficient attention. We shall be glad to identify any collections. We should 
also like to take this opportunity of thanking all those who have supplied us with 
material ; we have no hesitation in saying that it has made these studies 
possible. If we have been slow in identifying species, our only excuse is 
that these dissections take time. 
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SHORT DESCRIPTION OF THE MALE TERMINALIA OF 
LUCILIA CAESAR 


MALE ‘l'ERMINALIA, ABDOMEN, SEGMENTATION, SCLERITES. Figs. 1; 2. 
‘The abdomen of the male caesar consists of ten segments; the eighth is 
wanting. ‘Tergum | is a short plate fused dorsally with tergum 2, but separated 
by a suture ventro-laterally ; it ends some distance from sternum 1, and bears 
the small first spiracle near its ventral edge ; it has a marked projection antero- 
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lic. 1. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallosome 
of caesar in side view. VJ s.—Sixth sternum; VJ spr., VJI spr.—Sixth, seventh spiracles ; 
VI t., VII t.—Sixth, seventh terga ; 1.—Tenth tergum ; 2.—Anal cercus ; 3.—Proximal segment, 
ninth coxite ; 3a.—Distal segment same ; a.o.—Anal opening ; ap.p.—Apodeme phallosome ; 
p.—Phallosome ; phl.—Flange sixth sternum (British specimen). 


laterally. Sternum 1 is short and wide, and is deeply emarginated anteriorly. 
Tergum 2 is narrow dorsally but widens out latero-ventrally, its ventral edges 
ending close to sternum 2 ; spiracle 2 is located some distance from the ventral 
edge. Sternum 2 is rectangular, and bears a number of strong, dark hairs and 
bristles. ‘Tergum 3 is longer than 2, its ventral edge ending close to sternum 3 ; 
spiracle 3 is located on the tergum further from the ventral edge. Sternum 3 
is shorter but slightly wider than 2, and also bears some strong hairs and bristles, a 
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especially along its postero-lateral margins. ‘lergum 4 is about as long as 3, 
and has some strong hairs along its ventral margin ; spiracle 4 is located some 
distance from the ventral edge. Sternum 4 is shorter and wider than 3, and also 
has hairs and bristles ; spiracle 4 is located some distance from the ventral side 
of tergum 4. ‘Tergum 5 is shorter and not so wide as 4, and bends forwards 
ventrally giving the abdomen its characteristic shape apically ; it also has strong 
hairs and bristles ; spiracle 5 is located some distance from the ventral margin 
of the tergum. ‘lhe body of sternum 5 (fig. 2, g) is about as long as 4, and is 
without any very strong hairs ; its anterior border is commonly notched in the 
middle. Its lateral lobes are long and broad, and lie on each side of, and 
protect, the genital atrium ; the anal cerci and the distal segments of the ninth 
coxites normally lie pressed forwards in the cleft between the lobes, the cleft 
being deep and closed by membrane (fig. 2, g). ‘Tergum 6 is a well-developed, 
short, narrow, arched plate limited to the dorsum, the lateral parts being replaced 
by chitin (fig. 1). Spiracle 6 is located in this membrane about the middle 
of the lateral border close to the latero-dorsal margin of tergum 7. Sternum 6 
is asymmetrical, and is a strong, deep, curved rod, the right side being reduced 
in diameter, and failing to reach the edge of tergum 7; it ends above the right 
lobe of sternum 5 near its distal end (fig. 1). On the left side it articulates 
with the antero-lateral edge of tergum 7, and has its upper (and to some extent 
its lower) side expanded into a deep flange directed upwards and slightly 
inwards ; in the middle line, about the end of the base of sternum 5, it is again 
slightly expanded (fig. 1). ‘Tergum 7 is very narrow postero-ventrally, but 
expands laterally to form a rather long deep plate on each side, extending well 
forwards ; spiracle 7 is located on its postero-dorsal edge about the level of the 
lateral ends of tergum 6. Ninth Tergo-sternum (figs. 1; 2, 6). The ninth 
segment is invaginated into the genital atrium, and what is left of it is here 
referred to as the ninth tergo-sternum. It consists of an arched plate lying 
vertically in the middle line (fig. 1,4). The main part of the body is convex 
anteriorly, and is strongly chitinized laterally into rods which pass downwards, 
backwards, and slightly inwards. The distal part is the shaft. The end of the 
proximal segment of the ninth coxite articulates with the end of each rod-like 
process, and the process of the tenth tergum articulates in a notch on its side. 
The middle part of the body is lightly chitinized, is convex, and is notched in 
the centre. On each side of the notch the anterior part of each paramere ts 
lightly fused with the convex chitin of the body, so that the two can be easily 
separated with the aid of a needle (there is commonly a line or suture at the 
junction) ; in Chrysomyia the anterior paramere is, as a rule, more strongly 
fused, so that some force is necessary to break the junction between the two ; 
this is a point of some importance, and will be referred to later. Where the 
lateral rod-like processes merge with the handle, there is a dark crescentic line 
(fig. 2, b), along which the pocket membrane of the phallosome is attached. 
The shaft is strongly chitinized, and markedly convex in caesar. We should 
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like to point out here that the chitinization of the sides of the body and its length, 
and the chitinization and length of the handle vary in the same species, and 
we have come to the conclusion that no importance can be attached to the 
structure of the ninth tergo-sternum as a diagnostic character. 

Tenth Tergum. Fig. 1. ‘The tenth tergum is a long, arched, sloping plate 
(exceptionally long in caesar) directed ventro-dorsally, and has a long, broad, 
plate-like expansion on each side of the middle line which extends forwards 
under terga 7 and 6. On each side the tergum is expanded and bent round, 
the upper end passing upwards, inwards, and slightly backwards, and, ending 
in a sharp point, is inserted into a notch on the side of the ninth tergo-sternum, 
as already noted. Its lower end is rounded and only slightly prominent ; it is 
emarginated, ending ventrally in a bent point against which the anal cercus 
of the side articulates (fig. 1). In some species, notably in fernandica (fig. 4) 
and mexicana (fig. 6), the lower end projects forwards and inwards as a rounded 
process, forming a prominent lobe (lateral lobe of Aubertin), which bears numer- 
ous long hairs, giving the process a bushy appearance ; it is prominent in other 
species as well, and will be noted again. ‘The membrane which forms the pocket 
for the phallosome is attached to the sides of tergum 10, the proximal segments 
of the ninth coxites, the anterior ridge of the ninth tergo-sternum, and sterna 
5 and 6. Ventrally tergum 10 is deeply and narrowly incised (posteriorly), 
the incision forming a long narrow cleft extending backwards nearly three- 
quarters of its length ; the incision is broadest anteriorly, and is bridged by the 
anal membrane on which the anal opening is located. Antero-ventrally the 
incision is closed by the anal cerci and the distal segments of the ninth coxites 
(fig. 1). 

APPENDAGES. Ninth coxites.. Figs. 1; 2, d, e. The coxites are the 
appendages of the ninth segment and always consist of two parts. Distal 
Segment. Ventral view. Fig. 2, d. ‘The distal segment is a long, stout, hollow 
process, lying horizontally. Each is wide, ending somewhat abruptly in a stout 
bifid point. The ventral wall forms a stout bent point directed inwards, the 
dorsal wall a rounded, shorter, dark, blunt point above and external, giving 
the end of the segment its characteristic bifid appearance. Postero-ventrally the 
dorsal wall has a narrow pointed process joined to tergum 10 by membrane. 
The dorsal wall and sides bear many long stout hairs. Proximally on the inner 
side, each distal segment articulates, by a process in a corresponding incision 
on the ventro-external wall of the anal cercus of the side. ‘The main points 
relating to the relationships of the coxites with the cerci are illustrated in fig. 2, 
d, e, and are more or less simular in all the species, and, therefore, will not be 
noted in the description of the parts. The lateral view of the distal segment is 
illustrated in figs. 1; 2,e. Proximal Segment. Lateral view. Figs. 1; 2,e. The 
proximal segment is a long, bent (inwards), strongly-chitinized, flat rod (in 
ventral view, fig. 2, d), the two joined by a strong membrane in which, com- 
monly in the species of Lucilia, there are chitinized areas forming small plates. 
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This membrane passes upwards and is attached to the back of the phallosome, 
sides of the posterior paramere and processes of the ninth tergo-sternum ; it 
separates the anal fossa from the genital atrium, and possibly represents the tenth 
sternum. Proximally each rod articulates with the end of the lateral process 
of the ninth tergo-sternum, and distally with the outer posterior edge of the 
distal segment (figs. 1; 2,e). Anal Cerci. Ventral view. Fig. 2,d. The anal 


> 5 








8 


Fic. 2. a.—Phallosome, pump sclerite and one paramere of caesar in side view ; b.—Ninth 
tergo-sternum of same ; c.—Left posterior paramere of same ; d.—Ventral view of anal cerci and 
ninth coxites of same ; e.—Side view of ninth coxite of same ; f.—Right anterior paramere of same ; 
g.—Fifth sternum of same; /.—Right anterior paramere of same with four bristles (British 


specimens). 
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cerci lie on each side of the middle line, closely applied to each other, and project 
downwards away from the more horizontal distal segments of the ninth coxites 
from which they are well separated. ‘The two cerci are closely fused by mem- 
brane, except for a short anterior portion, which is free. Each consists of a long, 
bluntly-pointed, rounded rod about three-quarters the length of the cercus, 
and a shorter posterior wider part which is raised ventrally, and, with its fellow, 
forms a median ridge which gives the anal cerci their characteristic appearance 
when seen in side view (fig. 1). On the outer side there is a lateral flange. 
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Fic. 3. a.—Front view phallosome of caesar ; b.—Side view phallosome of same showing 
three parts: 1, proximal part ; 2, middle part ; 3, distal part ; c.—Posterior view phallosome of 
same (British specimens). 


Phallasome. Lateral view. Figs. 2, a; 3. In order to facilitate the description 
of the phallosome in Lucilia and allied genera, it becomes necessary to use a 
terminology which will apply to this organ in all the genera. ‘The terms used 
are entirely conventional, so that no homologies are implied. Such terms 
as paraphallus, hypophallus, praeputium, etc., used by Lowne and others, 
imply homologies, which are by no means proved, and these meaningless terms 
are, therefore, best dropped, the truth being that we do not at present under- 
stand the true nature and extent of this organ. ‘The phallosome ties at rest 
horizontally in a membraneous pocket ; commonly, in these flies, it is bent 
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upwards at an acute angle which appears to be an abnormal position. ‘The 
phallosome can be erected (drawn back out of the pocket) by the eversion of the 
anal cerci and distal segments of the ninth coxites, and by muscular action. 
It consists of the following three parts :—(1) Proximal part. Fig. 3, 6,1. The 
proximal part is a short, round, chitinous tube slightly emarginated posteriorly 
at the proximal end in the middle line ; on this side is attached the long bent 
posterior process, directed backwards and downwards, its curved convex face 
directed anteriorly : strictly speaking, this process is not on the posterior but 
on the ventral wall. It lies against the membrane joining the proximal segments 
of the ninth coxites. In Lucilia it is long, wide and well chitinized, especially 
in caesar ; it forms a much more obtuse angle with the phallosome than in most 
species of Chrysomyia. On each side of the proximal part of the phallosome 
there is a short, slightly curved process (fig. 3). ‘The posterior part of the para- 
mere lies against the side of the phallosome slightly below the level of the posterior 
process, and rides on a characteristic small curved sclerite which is homologous 
with a similar structure in Musca and Stomoxys ; in these genera it is, however, 
a part of the wall of the phallosome. In Lucilia and Chrysomyia this sclerite 
is distinct and is attached to the posterior part of the paramere (fig. 2, c). 
(2) Middle part. Fig. 3, 6,2. ‘The middle part is long and consists of a pair of 
stout, curved, ventral struts which are united proximally, their fused ends 
attached to the ventral wall of the proximal part ; they separate and, narrowing 
gradually, pass forwards, and, bending upwards, end in a pointed hook which 
is directed upwards and backwards. Some distance from their proximal ends 
the struts are expanded laterally. ‘The dorsal wall of the middle portion is, 
however, mainly membraneous, and on each side at the distal end there is a 
raised, membraneous, heavily spined ridge ; the membrane joining the ridges 
is convex (fig. 3, a, b). (3) Distal part. Fig. 3,b,3. The distal part in caesar is 
about as long as the free part of each strut. It is formed dorsally by a continua- 
tion of the chitinous membrane from each spined ridge of the middle part, and 
ventrally by membrane which is also strengthened by some chitin. At the end 
it is strengthened by a pair of folded, spined plates, which support the mem- 
braneous opening of the ejaculatory duct (fig. 3, a, b). Sperm pump sclerite. 
Fig. 2, a. The sperm pump sclerite is fan-shaped and unusually large in caesar, 
but varies in size, the handle being small. Apodeme of phallosome. Fig. 2, a. 
The apodeme is usually long and strongly chitinized, and is convex dorsally 
and markedly concave ventrally ; it varies in length, and does not provide any 
reliable specific character. Parameres. Anterior Part. Fig. 2, a, f,h. The two 
parts of the paramere are completely separated by membrane and lie in the hori- 
zontal plane on each side of the phallosome. ‘The anterior part is an upstanding, 
round, hollow process narrowing to a blunt point, and lies close against the 
phallosome. It is armed on its inner ventral edge with three, sometimes four, 
hairs of varying length, one apical and two subapical. Each part is attached on 
the inner and anterior side to a plate at the end of the apodeme, and the two are 











Fic. 4. a.—Ventral view anal cerci, ninth coxites and tenth tergum of fernandica (S. Rhode- 
sia) ; note prominent hairy lateral processes of tenth tergum ; 56.—Sixth, seventh and tenth terga, 
sixth sternum, anal cercus, ninth coxite and phallosome of same in side view (S. Nigeria). 
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lightly joined in the middle. ‘Vhey are also joined to the ninth tergo-sternum as 
already noted. Ventro-basally each narrows to a blunt point which abuts against 
the posterior part. Posterior Part. Fig. 2, a,c. ‘The posterior part is a stout, 
hollow, well-chitinized process, membraneous at the end ; the inner basal wall 
is shorter than the outer and rides on the sclerite noted above ; it varies somewhat 
in length and width. It has a long stout hair at the basal end, and about six small 
sensory spines scattered on its inner face and often near the base. It is the 
basal part with the hair which develops into a distinct process 1n some species 
of Chrysomyia. 


SHORT DESCRIPTIONS OF THE MALE TERMINALIA OF 
THE SPECIES OF LUCILIA 


Lucilia fernandica Macquart. SaLrENT DIAGNOosTIC CHARACTERS OF MALE 
‘TERMINALIA. SCLERITEs. Sternum 1-5 and adjacent parts of terga densely haired, 
especially the lower end of sternum 2 which has an apron of long curly hairs 
(fig. 5, 7). Sternum 5 as in fig. 5, g. Sternum 6, long, broad, lateral part 
consisting of a long narrow pointed sclerite, bearing spiracle 6 (fig. 4, b). Ninth 
Tergo-Sternum. Fig. 5, f. Broad, shaft short and wide. Tenth Tergum. Fig. 4, 
a, b. J.ateral process of tergum 10 prominent and densely haired. 

APPENDAGES. Ninth Coxites. Distal Segment. Ventral view. Fig. 4, a. 
Broad rounded ends, convex internally. Lateral view as in figs. 4, 6; 5, d. 
Proximal Segment. WLateral view. Fig. 5, d. Long, narrow, bent rod. Anal 
Cerci. Ventral view. Fig. 4, a. Long, fused, except at extreme pointed ends. 
Lateral view. Fig. 4,5; 5,d. Phallosome. Lateral view. Fig. 4,6; 5,a. Long, 
well chitinized and wide ; struts well separated almost to base, markedly bent 
and diverging so that middle part of phallosome is exceptionally wide (fig. 5, h) ; 
struts narrow, and free ends slightly dilated ; dorsal ridges heavily spined and 
chitinized and widely separated, at antero-dorsal end forming small chitinized 
flap on outer side; distal part long and wide; on ventral side ridge forming 
it strongly chitinized as supports for ejaculatory opening ; folded spined plates 
strongly developed, and membraneous part of opening very short (fig. 5, h). 
Posterior Process of Phallosome. Fig. 5, a. Long and well developed. Sperm 
Pump Sclerite. Fig. 5, a. Large, fan-shaped, handle long ; variable in structure. 
Apodeme of Phallosome. Fig. 5, a. Long and very stout, markedly convex 
ventrally. Parameres. Lateral view. Anterior Part. Fig. 5, a, e. A long stout 
upstanding process markedly convex (bent) dorsally, with two usually very long 
hairs, one apical and one close behind. Posterior Part. Fig. 5, a, b,c. A stout, 
long, bent process, well chitinized except at apex, and about as long as posterior 
process, with one long hair on a slightly raised area at base, and the usual sensory 
spines on the inner face. 
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Fic. 5. a—Phallosome, pump sclerite and one paramere of fernandica in side view (S. 
Nigeria) ; 6.—Right posterior paramere of same (S. Rhodesia) ; c.—Left posterior paramere of 
same (S. Rhodesia) ; d.—Anal cercus, ninth coxite of same in side view (S. Nigeria) ; e.—Right 
anterior paraniere of same in side view (S. Rhodesia) ; f.—Ninth tergo-sternum of same (S. Nigeria) ; 
g.—Fifth sternum of same (S. Nigeria) ; /.—Front view of phallosome of same (S. Nigeria) ; 
1.—Sterna 1-5 and adjacent terga of same to show characteristic arrangement of hairs (S. Nigeria). 
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Lucilia mexicana Macquart. SALIENT DIAGNosTIC CHARACTERS OF MALE 
‘TERMINALIA. SCLERITES. Sternum 5as in fig. 7,6. Sternum 6 long, but narrow, 
and not extending laterally where it is replaced by membrane ; some chitiniza- 
tion around spiracle 6, and several long hairs (fig. 6) close to spiracle (constant 
and characteristic). Ninth Tergo-Sternum. Fig. 7, d. Body wide, shaft broad 
and markedly convex, long as a rule, but variable, and an unreliable specific 
character. Tenth Tergum. Fig. 6. Long wide incision ; latero-ventral process 
prominent and covered with numerous hairs, much as in fernandica. 





Fic. 6. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallo- 
some of mexicana in side view (Menard, ‘lexas) ; note the prominent hairy lateral process of the 
tenth tergum very similar to that of fernandica. 


APPENDAGES. Ninth Coxites. Distal Segment. Ventral view. Fig. 7, c. 
Rather narrow, of uniform diameter, convex, externally curved inwards, and well 
separated from cercus of side. Lateral view. Fig. 7, f. Rather narrowly expanded, 
of uniform width with rounded ends. Proximal Segment. Ventral and lateral 
views. Figs. 6; 7, c, f. Long, stout, bent rods. Anal Cerci. Ventral view. 
Fig. 7, c. Long, free part about half length, narrowing anteriorly to points, 
and diverging, well separated, fused posteriorly. Lateral view. Figs. 6; 7, f. 
End with small pointed hook (variable). Phallosome. Lateral view. Figs. 6; 7, a. 
Long, struts well separated, stout, and anterior bent end wide, terminating in 
beak-like point, giving them a very characteristic appearance in side view ; 
distal part of phallosome long and narrow, and much as in caesar. Posterior 
Process of Phallosome. Fig. 7, a. Long, broad, slightly longer than posterior 
part of paramere. Sperm Pump Sclerite. Fig. 7, a. Usually small but variable, 
especially length of handle. Apodeme of Phallosome. Fig. 7, a. Long, shaft 
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l'iG. 7. a.—Phallosome, pump sclerite and one paramere of mexicana in side view ; 6.—-Fifth 
sternum of same; c.—Ventral view anal cerci, ninth coxites of same ; d.—Ninth tergo-sternum 
of same ; e.—-Left anterior paramere of same in side view ; f.—Anal cercus, ninth coxite of same 
in side view ; g.—Right anterior paramere of same in side view ; /.—Front view distal part of 
phallosome of same showing opening of ejaculatory duct and lateral spined plates ; 7.—Right 
posterior paramere of same in side view ; 7.—Left posterior paramere of same in side view showing 
two bristles (Menard specimens). 


with well-developed median ridge. Parameres. Lateral view. Anterior Part. 
Fig. 7, a, e, g. Long, rather narrow with one apical and two subapical hairs 
(sometimes very long). Posterior Part. Fig. 7, a, 1,7. Long, stout, expanded 
distally with a long basal hair on raised area (sometimes two), and the usual! 
sensory spines. 


(To be continued) 
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INTRODUCTION 


The genus Chrysomyia contains a large number of bluish-green blow-flies, 
common in the warmer regions of the earth and of great economic importance. 
Chrysomyia bezziana, the screw-worm fly of the Old World, is the most important 
myiasis-producing species. Other species, the larvae of which may also be found 
in human and animal tissues, are megacephala, chloropyga, rufifacies, albiceps, 
and possibly others. Several species breed in liquid human faeces and are, ‘ 
therefore, dangerous, in that they may convey faecal bacteria to human food. 

The species of the genus are of peculiar interest in that their larvae structur- 
ally fall into two groups: those in which the integument is devoid of fleshy 
processes, but has belts of spines, the so-called ‘ smooth ’ maggots ; and those 
which possess fleshy processes, the so-called ‘ hairy’ maggots of Australian 
authors. Among the smooth larvae, that of bezzzana is the only one, as far as we 
know at present, in which the ventral wall of the pharynx is smooth. ‘The hairy 
maggots are predaceous, and feed on the body juices of other dipterous larvae, 
their structure being adapted to this habit ; as far as we know at present, the 
ventral wall of the pharynx is smooth in all these hairy larvae. 

As in Lucilia, there are no adequate descriptions of the male and female 
terminalia of the species of Chrysomyia, and we, therefore, propose describing v 
and illustrating them. In this genus also we hope to give reliable guides to the 
species, to work out their natural relationships to each other and to those of 
allied genera ; we hope also to describe and illustrate the salient characters of 4 
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such of their larvae as we possess. Later we will describe and illustrate the male 
and female terminalia of the known species of Cochliomyia, which genus contains 
those species of Chrysomyia peculiar to the New World, and discuss their 
relationships and the status of the genus. ‘The terminalia of the species of 
Chrysomyia will not be described in any particular order. ‘The dissections 
have been made and the illustrations executed as in Lucilia, and drawn to the 
same scale. As the segmentation of the abdomen of marginalis, the type of the 
genus, is very similar to that of Lucilia, it will only be necessary to note the salient 
differences and thus save much space. 





Fic. |. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallosome 
of marginalis in side view (S. Rhodesia). 


SHORT DESCRIPTION OF THE MALE TERMINALIA OF 
CHRYSOMYIA MARGINALIS 


MALE 'TERMINALIA. ABDOMEN, SEGMENTATION, SCLERITES. ‘The abdomen 
in Chrysomyia is more squat and round than in Lucilia. ‘There are ten segments, 
the eighth is wanting. The terga and sterna are much as in Lucilia, the former 
bearing numerous hairs, especially laterally on the fifth tergum and sternum. 
The terminalia (fig. 1) are small and not as a rule prominent, the anal cerci and 
distal segments of the ninth coxites being tucked into the cleft of sternum 5. 
There is a marked difference between the size of tergum 5 and 7, the former 
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giving the abdomen its rather broad, rounded appearance. Sternum 5 (fig. 2, R), 
is well developed and broad, and has large lobes, with a wide and deep notch 
which is not closed by a membrane, at least in most of the species. ‘Tergum 6 
is a short, narrow plate in marginalis, not extending laterally where it is replaced 
by membrane ; in many of the species it is wanting. Sternum 6 (fig. 1) is a 
narrow, asymmetrical, rod-like sclerite in marginalis ; it has a rather narrow, 
long flange near its attachment to tergum 7 on the left side, and it fails to reach 
tergum 7 on the right. In other species it is, to all intents, symmetrical, extending 
right round from left to right. ‘Tergum 7 is a rather long, gently rounded, 
sloping plate, tucked under tergum 5 ; spiracle 7 is located on its postero-dorsal 
edge, and spiracle 6 is anterior to it in the membrane at the edge of tergum 7 
(fig. 1). Ninth Tergo-Sternum. Fig. 2, d. ‘The ninth tergo-sternum is in all 
respects as in Lucilia. ‘The body is rather narrow in marginalis, the shaft of 
variable length ; it may be short or as long as, or even longer than, the body. 
These differences may be so marked as to lead anyone who has not examined 
a series of specimens, especially recently hatched flies, into considering them to be 
of specific value. We have noted these extreme differences in the shape and size 
of the ninth tergo-sternum in many species of the Calliphorinae, and have, 
therefore, come to the conclusion that its structure affords no reliable specific 
character—in fact, it may be very misleading. In Chrysomyia, the latero- 
ventral processes are somewhat short, straight, and mainly directed backwards 
and not as a rule inwards as well. ‘The articulation of the tenth tergum with the 
ninth tergo-sternum is as in Lucilia; the proximal segment of the ninth coxite 
of each side articulates against the wide end of the latero-ventral process of the 
ninth tergo-sternum. Tenth Tergum. Fig. 1. ‘The tenth tergum is a small, 
short, deeply-incised convex plate, extremely narrow (a mere slip of chitin) 
postero-ventrally in marginalis ; its long incision 1s closed anteriorly by the 
anal cerci, and the anal opening lies in the usual position on the stout membrane 
stretching across the incision. Antero-laterally the tergum passes backwards 
and upwards as a long folded plate, narrowing and ending on each side in a sharp 
point which fits into a socket on the side of the ninth tergo-sternum. ‘The 
small distal segment of the ninth coxite is attached to the margin of this plate 
some distance above the anal cercus of the side, so that the distal segments come 
to occupy a lateral position. 

APPENDAGES. Ninth Coxites. Distal segment. Ventral view. Fig. 2,e. The 
ninth coxite lies some distance above and to the side of the anal cercus (fig. 1). 
The distal segment is a very small rounded process, convex externally, the end 
rounded and bluntly pointed; it projects from behind the lateral plate of 
tergum 10. Lateral view as seen in figs. 1; 2, f. Proximal Segment. Ventral 
and lateral views. Figs. 1; 2, e, f. ‘The proximal segment is a stout, slightly 
bent rod, its appearance and width varying in the two views. Anal Cerci. 
Ventral view. Fig. 2, e. ‘The anal cerci are short and rather broad, and are 
fused in the middle line for a short distance ; their anterior free ends lie in an 
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Fic. 2. a.—Phallosome, pump sclerite and one paramere of marginalis in side view (S. 
Rhodesia) ; 6.—Left posterior paramere of same in side view (S. Rhodesia) ; c.—Phallosome 
of same in side view, showing three parts: 1, proximal part ; 2, middle part ; 3, distal part ; note 
flaps (Nairobi) ; d.—Ninth tergo-sternum of same (Kenya); e.—Ventral view anal cerci, ninth 
coxites of same (S. Rhodesia) ; f.—Anal cercus, ninth coxite of same in side view (S. Rhodesia) ; 
g.—Posterior view of distal end phallosome showing position and shape of flaps in this view ; 
note struts ; 4.—Left paramere of same in side view, showing two parts ; note accessory process 
of posterior part (Kenya) ; 7.—Front view distal end phallosome of same showing position and 
shape of flaps (S. Rhodesia) ; 7.—Right posterior paramere showing an additional accessory process 
(S. Rhodesia) ; k.—Fifth sternum of same (S. Rhodesia) ; /.—Right anterior paramere of same 


showing five hairs (S. Rhodesia). 
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arched manner, are wide and broadly rounded. ‘The posterior (distal) ends 
diverge slightly and are long, lying on each side of the anal opening ; they bear 
numerous strong backwardly-directed hairs and bristles on the ventral surface. 
Lateral view as in figs. 1; 2, f. Phallosome. Lateral view. Figs. 1; 2, a, c. 
The phallosome is long and narrow in marginalis, especially the middle and distal 
parts. It consists of the same three parts as in Lucila. (1) Proximal 
Part. Fig. 2, c,1. The proximal part is a rather long narrow tube emarginated 
on both dorsal and ventral sides, and has a projection on each side ; it bears at 
its distal end, on the ventral side, the rather narrow posterior process which joins 
the body at a more acute angle than in Lucilia. (2) Middle Part. Fig. 2, ¢, 2. 
The middle part is a very long narrow tube attached to the proximal part on its 
ventral side by a narrow slip of chitin (the basal fused part of the struts) ; dorsally 
(as in Lucilia) it is attached to the proximal part by a loose membrane. About 
half of the middle part is entirely chitinous, the struts forming its ventral wall. 
The struts are fused basally, but they separate and, diverging, form, with some 
additional lateral chitin, the distal portion of the middle part, the remaining 
part of the tube being membraneous (fig. 2, a, c, g) ; the ends of the struts are 
shown in fig. 2, g. At the junction of the middle and distal parts there is on 
each side a characteristic flap, consisting mostly of stout membrane (often 
deeply pigmented), but supported by chitin along the edges ; in marginalis the 
flaps are narrow and are the width of the middle tubular part of the phallosome 
(fig. 2, a, c). There are no visible hairs on the dorsal side of the tubular part 
of the phallosome (middle part) as there are in so many of the species. (3) Distal 
Part. Fig. 2, a, c, g,7. The distal part is formed by membrane and chitin, and is 
continuous with the dorsal and ventral walls of the middle part. It lies in the 
middle line protected by the flaps, and is strengthened by a folded, spined plate 
on each side ; the membraneous end of the ejaculatory duct is long (fig. 2, a, g, 2), 
and usually directed dorsally. In its main structural details the phallosome 
of marginalis as a type of that of Chrysomyiza is like that of Lucila. It differs 
notably in the method of attachment of the posterior process, in the structure 
of the chitinous tube of the middle part, in the absence of the spined ridges, 
and in the presence of the flaps. Sperm Pump Sclerite. Fig. 2, a. The sperm 
pump sclerite is small with a long handle. Apodeme of Phallosome. Fig. 2, a. 
The apodeme is relatively short but well developed, ridged and deeply concave 
ventrally. Parameres. Lateral view. Anterior Part. Fig. 2, a,h,l. The two 
parts of the paramere are here also completely separated, the anterior part is a 
thin (unfolded), long, narrow plate, and is attached firmly to the body of the 
ninth tergo-sternum and to the apodeme ; it is suggestive structurally of the 
anterior part of the paramere of Musca, but is not folded as in that genus, and is, 
therefore, of a simple type. On its ventral edge it bears a row of 3-4 (sometimes 
a short fifth) long hairs (fig. 2, a, h, 1) ; it abuts against the posterior paramere. 
Posterior Part. Fig. 2, a, b, h, 7. The posterior part consists mainly of a long 
expanded (somewhat hood-like) process bearing the usual sensory spines ; it 
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rides on the small sclerite shown in the illustrations (fig. 2, a, 6). Attached 
to the narrow base close to the anterior part there is a shorter accessory process 
of uniform diameter, always bearing a stout apical hair. ‘This type of posterior 
paramere then clearly exhibits an advance on that of Lucilia, in which the 
posterior part consists of the single process but has at the base in the same 
location a long bristle, often on a raised area. ‘There seems little doubt that this 
additional process, which is well developed in many species of Chrysomyia, 
has evolved from the slightly raised area which carries the hair in Lucilia. 
It is not uncommon to find in some specimens of marginalis a small third process, 
carrying at its apex a sensory spine, between the two other parts (fig. 2, 7) ; this 
would indicate a still further advance. 





Fic. 3. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallosome 
of chloropyga in side view (Zululand). 


SHORT DESCRIPTIONS OF THE MALE TERMINALIA OF 
SPECIES OF CHRYSOMYIA 


Chrysomyia chloropyga Wiedeman. SALIENT DIAGNOosTIC CHARACTERS 
oF MALE TERMINALIA. Figs. 3; 4. SCLERITES. Sternum 5 as in fig. 4, 7. ‘Tergum 
6 is a short, narrow slip of chitin not extending laterally. Sternum 6 is asym- 
metrical, failing to reach the anterior edge of tergum 7 on the right. ‘Tergum 7 is 
long and gently rounded (fig. 3). Ninth Tergo-Sternum, Fig. 4, g,j. ‘The ninth 
tergo-sternum is very variable in shape and size, the shaft may be either long 
or very short. ‘Tergum 10 is small and deeply incised (fig. 3). 
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Fic. 4. a.—Phallosome, pump sclerite and one paramere of chloropyga in side view (Nairobi) ; 
b.—Posterior view distal part phallosome showing position and shape of flaps in side view ; note 
struts (Zululand) ; c.—Anal cercus, ninth coxite of same in side view (Zululand) ; d.—Ventral 
view anal cerci, ninth coxites of same (Zululand) ; e.—Left paramere of same showing two parts ; 
note commencing formation of third process on side of accessory part of posterior paramere 
(S. Rhodesia) ; f.—Left paramere of same (Zululand) ; g.—Ninth tergo-sternum of same showing 
short handle (Zululand) ; 4.—Left paramere of same in side view showing two parts ; note three 
bristles on anterior part (Zululand) ; 7.—Front view of distal end phallosome of same (Zululand) ; 
j.—Ninth tergo-sternum of same with long handle (S. Rhodesia) ; k.—Pump sclerite of same 
(S. Rhodesia) ; /.—Fifth sternum of same (S. Rhodesia). 








APPENDAGES. Ninth Coxites. Distal Segment. Ventral view. Fig. 4,d. ‘The 
distal segment is small, narrow anteriorly, and is bluntly pointed and turned 
inwards ; each lies above and at the side of the cercus. Lateral view as in figs. 3 ; 
4,c. Proximal Segment. Ventral and lateral views. Figs. 3; 4,c,d. A narrow 
bent rod. Anal Cerci. Ventral view. Fig. 4, d. Similar in general structure to 
that of marginalis but narrower, and similarly fused in the middle ; separated 
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anteriorly and narrowing to points ; posterior part long, narrow and converging. 
Lateral view as in figs. 3; 4,c. Phallosome. Lateral view. Fig. 4, a. (1) Proxt- 
mal Part. ‘The proximal part ts long and narrow. (2) Middle Part. The 
middle part is a long, wide, well-chitinized tube, with long hairs projecting along 
the dorsal membraneous face ; the struts are well developed and separated, 
and are fused with the chitinous extension laterally ; flaps large, wide, somewhat 
rectangular and well chitinized, appearing as dark objects (figs. 3; 4, a, 4, 1). 
(3) Distal Part. ‘The distal part is long, with strongly spined folded plates ; 
membraneous end of ejaculatory duct long, wide; the opening large (fig. 4, a, 
b, 1). Posterior Process of Phallosome. Fig. 4, a. Rather short and narrow. 
Sperm Pump Sclerite. Fig. 4, a, k. Small handle rather long and often bent. 
Apodeme of Phallosome. Fig. 4, a. Long, rather narrow. Parameres. Lateral 
view. Anterior Part. Fig. 4, a, e, f, h. Somewhat similar in shape to that of 
marginalis, but usually shorter, and commonly with two hairs, one anterior 
and longer than the other ; sometimes three long hairs in a row (fig. 4, A). 
Posterior Part. Fig. 4, a, e, f,h. Slightly longer than posterior process of phallo- 
some, expanded distally, the end membraneous ; bearing a number of sensory 
spines especially near base ; accessory process broad and rather club-shaped, 
with a long apical hair ; commonly there is a subapical sensory spine and often an 
additional hair (fig. 4, f). 


(To be continued) 
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Il. INTRODUCTION 


In their recent report on housing and malaria, Christophers and Missiroli 
(1933) regard it as an established fact that A. maculipennis in Europe is 
differentiated into varieties or races which for one reason or another differ 
greatly in their importance as vectors of malaria. It is recognised that the work 
of Falleroni, La Face, Missiroli, Martini and Hackett has shown that the 
brackish water-breeders, A. maculipennis labranchiae Fal., and A. elutus Edw. 
or saccharovi Favr. (sometimes considered to be a form of maculipennis), are 
the mosquitoes which are associated with endemic malaria in Italy. ‘They also 
accept the conclusions of Swellengrebel, Buck, Schoute, Martini, Weyer and 
others that the brackish water-breeding maculipennis atroparvus Van Theil is the 
variety responsible for the post-war epidemics of malaria in Holland and 
Germany. 
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In discussing the factors influencing the disappearance of malaria in 
England, James (1929) gives maps showing the distribution of locally contracted 
malaria in the country at about 1860 and between 1917 and 1926.* An exami- 
nation of these maps, especially that of 1860, before the drainage of the fenland 
had been completed, shows that the areas affected are very largely coastal or 
low-lying districts, such as would probably be favourable to the production of 
large numbers of var. atroparvus. 

Recently, Lewis (1932) has called attention to the probable effect of drainage 
of Wicken Fen in greatly reducing the numbers of A. maculipennis present, 
and it would be of great value to study the varietal composition of the species, 
as it now exists there as well as in the coastal districts of East Suffolk, Essex and 
Kent, where endemic malaria existed at least until 1913, as shown by Stephenson 
(1920). If it were shown that atroparvus is the variety prevalent in these latter 
districts, it would be of great importance to study the numerical production of 
the mosquitoes in relation to the presence of brackish water-breeding places. 
The statement of Swellengrebel (1933), that ‘ brackish water, and brackish water 
only, breeds atroparvus in great numbers ’ (italics mine), may also be found to be 
applicable to the variety of maculipennis which is the potential transmitter of 
malaria in this country. 

If atroparvus is the variety involved, its hibernation requirements, as shown 
by Martini and ‘Teubner (1933), would certainly support the view that the 
construction of houses was an important factor in the former distribution of 
malaria in England, but the existence of extensive breeding-places in low-lying, 
coastal or estuarine areas would be a factor of at least equal importance. The 
presence or absence of domestic animals in the malarious areas formerly and at 
the present time is a factor that would also have considerable significance. ‘Thus 
it is obvious that the relative importance of these factors cannot be estimated 
correctly until detailed studies of the varieties of maculipennis prevalent in the 
formerly malarious and other parts of the country have been made. 

The available information bearing on this subject is referred to below, and 
the morphological and biological characters of one atroparvus-like form from the 
coast of North Wales are described. 


Il. PREVIOUS RECORDS RELATING TO OR INDICATING 
DIFFERENTIATION OF A. MACULIPENNIS IN GREAT BRITAIN 


In March of last year, Shute (1933) published the results of observations 
on the bionomics of the form or forms of the species occurring in England, 
intensive study of conditions at Dartford being recorded. It was stated that the 





*It should be noted in passing that the Liverpool record almost certainly refers to a 
case about which Blacklock (1921) wrote : ‘ From a consideration of the records of incuba- 
tion period and crescent formation, it is probable that the infection was acquired on or about 
September 27th, on which occasion she was in a northern health resort where Anophelines 
are plentiful. ... 
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species can be found more plentifully round the coast than inland, the hibernating 
2 ¢ often being present in ‘ incredible numbers ’ in low-lying coastal districts. 
The hibernation was of the incomplete type, and it was observed that, though the 
2 2 usually fed on domestic animals, they would under certain circumstances 
attack human beings. Shute did not refer his maculipennis to any of the described 
continental varieties or races, but the data given strongly suggest that the coastal 
form at least was related to atroparvus and not to either the type form or messeae. 

Later the same year, Marshall and Staley (1933), at Hayling Island, studied 
the morphological characters of a form of maculipennis, but found the data 
obtained ‘ difficult to correlate with those of continental workers ;’ and it is stated 
that further investigations are to be made before a final conclusion is arrived at. 
It is interesting to note that both James’s maps indicate the occurrence of cases 
of malaria contracted not far from this island. 

Roubaud and Gaschen (1933) refer to the occurrence in England of a race 
of maculipennis with barred eggs which show complete hibernation together with 
stenogamy and zoophilism. ‘The locality where such a form occurs is not stated. 

Before the differentiation of A. maculipennis came to be generally recognised, 
many observations on the habits of the species in England were published by 
Theobald (1901, 1903 and 1910), Annett and Dutton (1901), Lang (1918), 
Wright (1924), and James (1929). ‘The great diversity in these accounts suggests 
that at least two distinct varieties or races were involved. Of particular interest 
are the records of James (1929), which referred apparently (although this was 
not precisely stated) to the potentially malarious regions of south-east England. 
Great emphasis was laid on the fact that the 2 2 were found almost exclusively 
in farm buildings and in houses, and were particularly attracted to dark, warm, 
ill-ventilated types of shelter. Among the numerous records given by Lang 
(1918) are some interesting data relating to the low-lying districts of south- 
eastern England. ‘These records tend to show that in these localities maculipennts 
is more prone to enter even normally built houses than in many other parts of 
the country. It would be of great interest to know the morphological characters 
of the form prevalent in these districts, how near the houses are to extensive 
breeding-grounds, and whether cattle were present in the neighbourhood or 
not. In this connection, the observations of Lewis (1932) that maculipennis 
is not an important biter and only breeds in small numbers at Wicken (drained 
fenland in Cambridgeshire) are worthy of note. 

The data given by Harold (1923) tend to show that the form of maculipennis 
prevalent at Sandwich on the coast of Kent is similar in its semi-hibernation and 
its mating habits to var. atroparvus. The records given by Blacklock and Carter 
(1921) show that the form of maculipennis studied by them in the Isle of Man 
was also similar in its choice of hibernation sites to this variety. _It is interesting 
to note that at the place where by far the greatest numbers of 2 2 were found 
there was a potential breeding-place containing much seaweed, about 30 yards 
from the sea. 
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Wright (1924) made extensive observations on the bionomics of the form of 
maculipennis which occurred in considerable numbers in the coastal district of 
Llanfaglan in North Carnarvonshire. ‘This observer emphasised the differences 
between the hibernation habits of these mosquitoes and those of maculipennis 
as described by certain continental workers. I am greatly indebted to Mr. 
Wright for information as to the locality where the mosquitoes occur, and it has 
been possible to confirm his main observations and also to obtain material for 
study of the morphological characters which can now be compared with those 
of the varieties recognised in Europe by Falleroni (1926), Van ‘Theil (1927), 
La Face (1931), Swellengrebel and Buck (1933), Roubaud and Gaschen (1933), 
Missiroli, Hackett and Martini (1933) and Weyer (1933). 


IV. A WELL-MARKED FORM OF A. MACULIPENNIS FROM THE COAST 
OF NORTH WALES 


The area in which the specimens were found is roughly a square mile in 
extent and is bordered on the north-west by the southern coast of the Menai 
Straits and on the south-west by the broad tidal estuary of the Afon (River) 
Gwyrfai. 


MORPHOLOGICAL CHARACTERS 


Wing length. Average wing length of 3 ¢ caught in nature in July, 1933 : 
4-46 mm. (26 wings). 
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Fic. 1. Diagram of wing of A. maculipennis. 'The dotted line shows the standard of measure- 
ment of wing length adopted in the present paper. 





The standard of measurement used (see fig. 1) was that of Professor 
Swellengrebel, to whom I am indebted for information on the subject. 

Maxillary index. Average number of teeth among @ @ caught in pigsty 
in July, 1933 : 16-77 (67 maxillae). 

Roubaud’s standard of measurement was used, all distinct chitinized teeth, 
however minute, that can be seen without the use of the oil immersion, being 
included in the total. Professor Roubaud kindly informed me that this is the 
rule he adopts in counting the teeth. 

3 Terminalia (fig. 2). Shape of both spines on dorsal lobe of harpago 
subject to a good deal of variation. External or dorsal spine usually pointed, 
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but intermediate between the acuminate condition (hair-like or tapering to a long 
point) and the definitely obtuse condition (rounded distally). 

















Fic. 2. ¢ terminalia of a coastal form of A. maculipennis from North Wales. A.-C. harpago 
to show variation in shape of external spine e. 


The external spines of g g caught in nature (30 spines) could be roughly 
classed into three intergrading groups as follows :— 


Ae ye 5 spines. , 

II. Sharply pointed but not acuminate (fig. 2, B.).... 17 spines. " 

III. Bluntly or abruptly pointed (fig. 2, A.). One or Me 

two of these were almost obtuse in one aspect . 8 spines. s 

The spines in g g bred from eggs (14 spines) could be placed in these . 
groups as follows :— e 
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Fourth stage larva. Average number of branches of ante-palmate hairs ; 
of one side on segments IV and V combined, in larvae reared from eggs: 5:3 Hs 
(42 instances). " 

In var. atroparvus the figures given by Buck, Schoute and Swellengrebel % 
were 5:5 (1930) and 5-7 (1932). f 

On abdominal tergite II, palmate hair with about 15-19 very narrow but | 
definitely flattened leaflets, each with fine linear termination, much as in Missiroli, f 
Hackett and Martini’s (1933) figure for atroparvus, but length of palmate hair i 
in proportion to that of hairs 2, 4 and 5 not much more than half that shown is 
in the illustration referred to. Hairs 2-5 also very similar in shape and number of - 
branches to those of atroparvus as shown in the above mentioned paper. 3 

Eggs. At least 10 batches of eggs laid in the laboratory by caught 2 9 
were examined. ‘They showed a good deal of variation in the details of the dorsal 
pattern as well as in size and shape. Eggs exhibiting nearly all the diversities 4 

: 








136 


present could sometimes be seen in one batch, such as lot ‘ B’ laid by one Q 
on 5-7, 8. 1933. A few entirely dark eggs were seen, but these proved to be 
non-viable, and were evidently abnormal on this account. ‘The actual patterns 
of the viable eggs were very similar to those illustrated by Missiroli, Hackett 
and Martini (1933) for var. atroparvus (d,—d,), some being mottled or dappled 
and others having more or less irregular transverse pale bands on a dark ground, 
as many as six such bands being commonly present. ‘The pale bands tended, 
however, to be much narrower than in fig. d, referred to above. ‘The appearance 
of most of the eggs was very like several of those in Marshall’s photograph, 
Plate IV (1933). One or two eggs were very similar to d, of Missiroli, etc., 
and none showed well-marked broad bands at both ends of the floats, i.e., none 
was the true ‘ banded’ or ‘ barred’ type as illustrated for maculipennis type 
form and var. messeaec. Barred eggs from southern Europe, kindly sent by 
Dr. Barber, appeared very different from any of ours, the dark bands being 
very well-defined and conspicuous. ‘The pale areas on the eggs were, however, 
pale grey or greyish-white when seen in a good light and entirely without any 
brown or yellowish-brown tinge. It is, therefore, of great value to have the 
opinion of Professor Swellengrebel, who kindly examined representative eggs and 
reported that they were ‘ quite like our own atroparvus, not only the dorsal pattern, 
but also the smooth intercostal film and the number of ribs on the floats.’ ‘Thus the 
eggs resemble those of var. atroparvus of Holland. 


BIOLOGICAL CHARACTERS 


Hibernation 
Sites. The location of hibernating 9 2 in the farm buildings was 


studied by Professor Patton, Mr. Foy and the writer on various occasions during 
the winter 1931-32. The observations agreed with those of Wright (1924) in that 
the great majority of the 2 2 were found in inhabited animal quarters ; a certain 
number was also taken by Mr. Foy in a room where the labourers slept. On 
one large farm a much greater number was found in a calf cot than in the 
pigsties, thus reversing Wright’s findings, and it appeared likely that, as many 
recent observers, including Shute (1933), note in the case of some forms of 
maculipennis, the conditions of humidity, lack of ventilation and the temperature 
of the shelters are of more significance than the kind of animals therein. On one 
occasion a few 2 9 were found in an outhouse not containing farm stoek and 
not communicating with animal quarters. 

Behaviour during hibernation. 'The hibernation is of the incomplete type, 
the 9 9 being active and taking blood in nature at least from late December 
onwards and, according to Wright’s observations, throughout the winter. The 
development of P. vivax observed by Yorke and Macfie (1925) in this form 
under laboratory conditions indicates that the blood meal may be digested 
normally from the end of October onwards. It was found that in January 
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oviposition occurred freely a few days after feeding when the hibernating 9 9? 
were kept in an incubator at an elevated temperature; observations on 
this point were not made earlier in the winter. Wright states that he discovered 
by dissecting 2 2 that even under natural conditions the eggs were ‘ matured ’ 
as early as January. 


Feeding habits of the 2 ° 

Precipitin tests were carried out by Mr. Foy in 1932 on gorged @ 2 taken 
in the farm buildings, and I am indebted to him for the following data. Altogether 
the gut contents of 97 2 9 were tested against horse, sheep, cow, pig and human 
blood, and the results were as follows :— 


With blood of cow ods - - 65 2 9 
i se pig = rice = a « 
man ; on S 


In 3 of the 27 cases showing pig blood, Mr. Foy found a ‘ biphasic reaction ’ 
for pig and sheep blood and says this may have been due to the oldness of the 
blood. The tests were carried out with Burroughs Wellcome anti-sera and 
Poulenc (Paris), and in most cases the method was adopted of keeping the blood 
expressed from the stomach in Whatman filter paper No. 44 and 42, which was 
later soaked in normal saline before the tests were done. 

A few observations made in June, 1932, and August, 1933, showed that the 
3 gd and 2 9 could be caught in numbers in an inhabited pigsty in one of the 
farms, and many of the 2 92 found there contained recognisable blood. I did 
not see any of the mosquitoes in the living rooms during a two days’ stay at the 
farmhouse. No searches were made in possible outdoor resting places such as 
hollows in trees or among thick foliage, so that it cannot be asserted that adults 
were not also present in such situations (see Theobald in Lang, 1918). 


Experimental transmission of malaria 

Yorke and Macfie (1924) used 39 batches of this form of maculipennis in 
their work on the malaria treatment of general paralysis. Altogether 732 2 Q 
of this form, fed on cases of P. vivax, were dissected, and of these 47-5 per cent. 
were found to be infected. ‘The authors point out that this figure has only a 
‘ minimal value,’ as in hardly any of the batches did all the 2 2 feed on the 
infected blood. 

In this connection it is interesting to note Wright’s statement that he had 
met farmers who remembered a time when agricultural operations were 
seriously hindered by ague among the farm labourers. Stephenson’s (1920) 
figures suggest that some endemic malaria existed in North Wales between 
1871 and 1890, but I have not been able to consult any medical statistics relating 
to the history of the disease in the locality in question. 


Breeding places 


Most of the breeding places found in the locality were fresh-water ponds, 
including a miniature reservoir fed by a spring. A few full-grown larvae were 














138 


also taken among tufts of Juncus at the inland side of a broad ditch separated 
from the tidal estuary by a low wall. The ditch was evidently subject to occa- 
sional flooding by sea water, as the seaweed Ulva was growing in it on the seaward 
side. 


Comparison of Llanfaglan form with var, atroparvus 

In most of the characters of the larva, as well as in its hibernation and feeding 
habits, this form closely resembles var. atroparvus as described by observers 
in Europe. Moreover, the eggs were found by Professor Swellengrebel to 
resemble those of that variety seen in Holland. ‘The maxillary index is appre- 
ciably lower, and the wing length of caught ¢ ¢ slightly lower, than the figures 
given for the Dutch variety (Buck, Schoute and Swellengrebel, 1932); but, 
according to the researches of Weyer (1933), these characters are subject to a good 
deal of variation caused by external conditions, and Professor Swellengrebel 
informs me that the wing length is now taken to be of local value, although it is 
still a useful character for this race in Holland. ‘The most important difference 
lies in the shape of the external or dorsal spine of the ¢ harpago, which was 
markedly different from that of atroparvus in 11 cases out of 44. In this respect 
the Llanfaglan form evidently approaches that described by Marshall (1933). 
The present form breeds mainly in fresh water, and in this connection it is 
noteworthy that Professor Swellengrebel recently informed me that in Holland 
var. atroparvus is found breeding in fresh water in certain inland localities in 
the absence of var. messeae. ‘The Llanfaglan form is, therefore, most nearly 
related to var. atroparvus, of which it is probably a local modification differing 
mainly in the shape of the external harpago spine. It seems better to leave the 
form unnamed until many further studies have been made on the forms of the 
species occurring in Britain, and particularly in coastal regions of south-east 


England. 
V. HIBERNATION OF A. MACULIPENNIS IN WIRRAL, CHESHIRE 


In marked contrast to the form described above, the maculipennis found in 
Wirral, Cheshire, hibernates almost exclusively in farm buildings that are not 
occupied by animals. The findings of Annett and Dutton (1901) have been 
repeatedly confirmed by members of the staff of this School, including Professor 
Patton and the writer. Here the hibernating 2 2 are found in tool sheds, 
grain stores, lofts above and passages between cowsheds, as well as in unoccupied 
parts of shippons. The situations where they were found were colder and in 
some cases also less dark and ill-ventilated than the hibernation sites of the 
Llanfaglan form. The 9 @ are inactive when found and are commonly 
flattened against the wall in the ‘ hibernating attitude,’ even when the tempera- 
ture is as high as 46-4° F.; no specimens have been found by us containing 
evidence of recent blood meals. When brought into a temperature of 68° F. 
the 9 9 become active, and a small proportion of them will readily suck human 








139 


or rabbit blood. The 9 9 are present in relatively small numbers, in spite of 
the proximity of suitable breeding-places, 20-30 being a ‘ good catch’ for one 
farm. 

Eggs. Five batches of eggs, averaging 100 per batch, laid in the laboratory, 
February 23rd——March 5th, 1934, were of the barred type with reticulated 
intercostal film. ‘They agreed with those of var. messeae as described by 
Christophers and Missiroli (1933) and other authors. It is hoped that the 
characters of larvae and ¢ terminalia may be studied shortly. 

It is interesting to note that hibernating 92 9 of the Wirral form of macult- 
pennis were much less suitable subjects for experimental work on malaria 
transmission than those from Llanfaglan; 2 Q reared from larvae were, how- 
ever, used successfully by Yorke and Macfie (1924). 


VI. SUMMARY 


The morphological and several biological characters of a form of A. macullt- 
pennis from a coastal locality in North Wales are described and are found to 
resemble in many respects the Dutch variety atroparvus, the chief difference 
being the more variable shape of the external spine of the ¢ harpago. 

Previous observations on the bionomics of A. maculipennis in different 
parts of England and the Isle of Man are referred to. ‘These records relate 
largely to low-lying or coastal districts, and in most cases the described hiberna- 
tion habits suggest that the variety concerned resembles var. atroparvus in this 
respect. 

The prevalence in Cheshire of a form of maculipennis which hibernates 
completely is confirmed ; in the characters of the eggs this form also resembles 
var. messeae. 

It is pointed out that the relative importance of the factors influencing 
the former distribution of malaria in England cannot be estimated until the 
differential characters of the forms of maculipennis prevalent in potentially 
malarious and other areas have been studied in all aspects. ‘The presence or 
absence of domestic animals in these regions, now and formerly, should also be 
taken into consideration. 
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MISCELLANEA 


INFECTION OF THE CEREBRO-SPINAL FLUID 
OF AN ANTELOPE WITH TRYPANOSOMA 
RHODESIENSE 


On July 24th, 1933, a guinea-pig was inoculated with blood from a patient 
suffering from Rhodesian sleeping sickness.  ‘I'setse-flies, Glossina morsitans, 
were fed on the guinea-pig, and the salivary glands of two isolated infected flies 
were inoculated into a dik-dik on October 26th, 1933. ‘The dik-dik died on 
December 25th, 1933, and, a few minutes after death, cerebro-spinal fluid, 
free from red blood corpuscles, was obtained by sub-occipital puncture and 
examined microscopically in a Fuchs and Rosenthal counting slide. ‘There 
were 4 living trypanosomes and 400 leucocytes in a cubic millimetre of the 
fluid. The blood of the dik-dik contained numerous trypanosomes, and post- 
mortem examination showed no cause of death. ‘The tsetse-flies used were, 
of course, bred in the laboratory ; the dik-dik had been kept in captivity in good 
health for some months before infection, and was caught in a fly-free area. 
This kind of antelope is very susceptible to infection with 7. rhodesiense, but it is 
not yet known whether the infection is always followed by death within a period 
of time that would indicate that the infection was the cause of death. 


J. F. Corson. 
6 February, 1934. 
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ACKERTIA gen. nov. FOR LITOMOSA BURGOSI 
DE LA BARRERA, 1926, WITH NOTES ON 
THE SYNONYMY AND MORPHOLOGICAL 
VARIATIONS OF LITOMOSOIDES CARINII 
(TRAVASSOS, 1919) 


BY 
ZEFERINO VAZ, M.D. 
(Instituto Biologico de S. Paulo, Brazil) 
(Received for publication 1 Fanuary, 1934) 


In 1926, De La Barrera found in the abdominal cavity of Cavia pamparum 
(the popular name is ‘ cuis ’), from the Argentine, a new filariid worm described 
under the name of Litomosa burgost. ‘The author made an accurate description 
of the species, but the figures that illustrate the paper are very unsatisfactory. 

We have recently had the opportunity of examining well-preserved speci- 
mens of a filariid worm from Cavia aperea captured in the State of S. Paulo, 
Brazil ; and in studying this material we are certain that it is identical with the 
Argentine material and that the species cannot be included in the genus Litomosa 
Yorke and Maplestone, 1926, in view of the structure of the buccal capsule. 
We have erected a new genus, Ackertia, to contain it. 


Ackertia gen.nov. 


Filariinae. Body filiform, attenuated anteriorly and posteriorly ; mouth 
simple, without lips; head papillae absent ; small cylindrical buccal capsule 
with thin non-chitinous walls, in the end of which there is a delicate chitinous 
ring ; oesophagus not divided into two parts. 

Mate. Posterior extremity coiled into a loose spiral; tail blunt, without 
sub-terminal spine ; caudal alae absent ; papillae absent ; spicules unequal and 
dissimilar ; accessory piece absent. FEMALE. ‘Tail digitiform, without any 
cuticular process at its extremity ; vulva in the oesophageal region. Micro- 
filaria sheathed and found in the blood. 

Parasites of abdominal cavity of rodents. 


‘Type species : 
Ackertia burgosi (De La Barrera, 1926) 


Diacnosis. Body filiform, tapering towards each extremity, without 
transverse striations. Cephalic end with an inconspicuous constriction near the 
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mouth. ‘lhe very small vestibule measures 0-006 mm. and presents a delicate 
chitinous ring at the posterior end, as observed in Macdonaldius seetai Khanna, 
1933. 

Mate. 17 mm.—21 mm. long by 0-1 mm. in maximum width. Oesophagus 
cylindrical in shape, not divided into two parts, measuring 0-16 mm. in length 
by 0-015 mm. in breadth. Posterior extremity coiled spirally; caudal alae absent ; 
tail digitiform, without papillae, ending in blunt termination. ‘The spicules are 
very unequal and dissimilar: the large one is cylindrical in shape, ending 
distally in a long lash, and measures 0-3 mm. in its total length ; the small one 
presents a hook-like process near the distal end, and is 0-04 mm. long. Accessory 
piece absent. ‘The anus is situated 0-14 mm. from the posterior end of the body. 

FEMALE. 30 mm.—45 mm. long by 0-16 mm.—0-2 mm. in maximum width. 
The vestibule measures 0-006 mm. in length, and is followed by the oesophagus, 
which measures 0-7 mm.—0-72 mm. in length. ‘The vulva is located anteriorly to 
the end of the oesophagus, and 0-4 mm.-0-:5 mm. from the cephalic extremity. 
Vagina with thick muscular walls, directed posteriorly. ‘The writer was not able 
to see an anal opening. ‘Tail digitiform, without cuticular formation. 

According to De La Barrera, the microfilaria is sheathed and found in the 
blood ; the body measures 0-04 mm. in length by 0-009 mm. in breadth. 

The new genus Ackertia resembles Litomosotdes in the structure of the 
spicules and in the outline of the male posterior extremity ; they differ in the 
structure of the buccal capsule and in the position of the vulva. Ackertia is 
distinguished from Litomosa in the structure of the buccal capsule and in the 
outline of the male and female posterior extremities. 

As we have already pointed out, the structure of the buccal capsule is identi- 
cal with that observed in Macdonaldius, but they differ in the shape of the spicules, 
the absence of male caudal papillae, the absence of accessory piece, and the 
position of the vulva. 


Litomosotides carini (Travassos, 1919) 


In 1919, 'Travassos described a filariid worm parasitic in the pleural and 
peritoneal cavity of Sciurus sp. found in S. Paulo, Brazil, which he named 
Filaria carinii; and he called attention to the similarity of this species with Filaria 
circularis described by von Linstow, 1899, from Hesperomys sp. of Porto Alegre, 
South Brazil. In his paper, Travassos states that there is some doubt in including 
F’. carinii and F. circularis in the genus Filaria, owing to the presence of a definite 
buccal capsule and to the position of the vulva. 

Mazza (1928), examining Argentine material from the rodent Holochilus 
vulpinus Brandt, described Filaria patersoni, parasitic in the peritoneal cavity, 
and justifies the erection of a new species, saying that he has not found in the 
South American bibliography references to such a worm. 

In 1931, Chandler proposed a new genus Litomosoides (Filariunae) for a new 
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species 1. sigmodontis, a filariid worm, parasite of the cotton rat Sigmodon 
hispidus and of a white rat born and raised at the Rice Institute, Houston, Texas. 
Chandler states that L. sigmodontis is very closely related to F. circularis von 
Linstow, 1899, and includes this species in his new genus. 

Under the name of Muicropleura sigmodoni, Ochoterena and Caballero, in 
1932, describe as new a worm found in the pericardial and peritoneal cavity of 
Sigmodon hispidus from Mexico. In a foot-note the authors state that they have 
consulted Dr. Vogel, who informed them that the only known filariid worm of 
the rat was Dirofilaria bonei, different from M. sigmodontz. 

Vogel and Gabaldon (1932), studying some material from Mus decumanus 
of Caracas, Venezuela, and having received Argentine material from Professor 
Mazza, erected a new genus, Vestibulosetaria, included in the subfamily Setariinae, 
the type species being V. patersoni (Mazza, 1928), and conclude that Micropleura 
sigmodont is a synonym of this latter species. 

At the 15lst meeting of the Helminthological Society of Washington, 
Chitwood (1932) states that Vestibulosetaria Vogel and Gabaldon is a 
synonym of Litomosoides Chandler, 1932, and that L. s7gmodontis Chandler is 
identical with L. patersoni (Mazza). 

In the past year we have obtained abundant material of a worm parasitic in 
the pleural and peritoneal cavity of the rodent Nectomys squamipes of the State 
of S. Paulo, Brazil, which we identified as Litomosoides sigmodontis Chandler ; 
but subsequently Prcfessor Travassos has kindly sent us material of Filaria 
carini, and we verified the identity of the two species. Studying the descriptions 
by Mazza, Ochoterena and Caballero, Chandler, and Vogel and Gabaldon, we 
came to the following conclusions : 

(1) Filaria patersoni, Litomosotdes sigmodontis and Micropleura sigmodoni 
are synonyms of Filaria carinit. 

(2) Vestibulosetaria Vogel and Gabaldon, 1932, is a synonym of Litomosoides 
Chandler, 1931, as Chitwood had already shown. 

(3) ‘The genus Litomosoides must be placed in the subfamily Filariinac, as 
Chandler had stated, occupying an intermediate position between Litomosa and 
Breinlia. In view of the structure of the cephalic extremity, this genus cannot 
be included in the subfamily Setariinae, as proposed by Vogel and Gabaldon for 
Vestibulosetaria. 

(4) The type species of Litomosoides Chandler must be Litomosoides carinii 
(Trav., 1919). 

Syn. Filaria carini 'Trav., 1919. 

Filaria patersont Mazza, 1928. 

Litomoscides sigmodontis Chandler, 1931. 

Micropleura sigmodoni Ochoterena and Caballero, 1932. 
Vestibulosetaria patersont (Mazza, 1928) Vogel and Gabaldon, 1932. 
Litomosoides patersoni (Mazza, 1928) Chitwood, 1932. 
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Litomosoides carinii (‘Travassos, 1919) 








{ 
Hosts Location | Locality | Author 
| | 
| | 
| | 
Sciurus sp. Pleural and peritoneal cavity | State of S. Paulo, | Travassos 
Brazil | 
Holochilus Peritoneal cavity _ Salta, Argentine _ Mazza 
vulpinus | 
Sigmodon Pericardial and peritoneal cavity | Michoacan and Ochoterena and 
hispidus Jalisco, Mexico Caballero 
Sigmodon Thoracic cavity | Houston, Texas, Chandler 
hispidus U.S.A. 
and white rat | 
Mus decumanus Pericardial and thoracic cavity Caracas, Venezuela Vogel and 
| Gabaldon 
Nectomys Pleural and peritoneal cavity S. Paulo, Brazil Original 
squamipes 





It is interesting to notice the great variations presented by the material 
obtained from Nectomys squamipes in the total length of the body, length of the 
oesophagus, position of the vulva, number of caudal papillae of the male, and 
in the ratio of the length of the oesophagus to the total length of the worm, as 
shown by the tables of measurements and by the figures. In one female speci- 
men, measuring 120 mm. in the total length, the oesophagus is 0-8 mm. long, 
while in another female specimen, with a body 70 mm. long, the oesophagus 1s 
Imm. long. ‘The distance of the vulva from the posterior end of the oesophagus 


is 0-6 mm. and 1 mm., respectively, in two specimens with a body length of 
100 mm. each. 


Another point of variation is the number of male caudal papillae, which may 
be two, four or five pairs. The same variation is present in the material from 
different hosts, as can be verified by comparing various descriptions of this 
parasite. 

It is possible, in view of the great variations presented by Litomosoides 
carinil, that this species may be identical with Litomosoides circularis (von Lin- 
stow, 1899), but we cannot conclude so, because of the differences observed in 
the shape of the spicules and in the length of the small spicule: this organ 
measures 0-06 mm.-0-1 mm. in L. carinii and 0-19 mm. in L. circularis. On the 
other hand, an examination of the tables of measurements of L. carinit shows 
that the length of the spicules is more or less constant. Due, however, to the 
lack of further data, the matter cannot, at the present time, be definitely decided. 
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Measurements (in millimetres) of some female specimens from Brazilian 
hosts : 





Nectomys squamipes Sciurus sp. 





Length vee 120 70 80 100 100 60 40 33 33 





Oesophagus 
(length) oe 0-8 


0-6 


1-1 


0-6 





Vulva from the 
anterior end 


bo 
; 

tte 

bo 


1-6 


1-8 


0-88 





Vulva from the 
cesophagus 1-28 


0-59 


0-6 


l 


0-5 


0-28 





Ratio of the 
length of the 
oesophagus to 
the length of 
the body... 1: 150 


1: 69 


1: 133 


1:90 


1: 128 


1:85 


1 : 66 





Measurements (in millimetres) of some male specimens from Brazilian 























hosts : 
Nectomys squamipes Sciurus sp. 

Length 19 26:5 27 28 14 15-3 
Oesophagus (length) ... 0-6 0-7 0-7 0-64 0-4 0-45 
Tail 0-16 0-16 0-19 0-16 0-15 0-16 
Large spicule ... 0-28 0-29 0-30 0-30 0°3 0-28 
Small spicule ... 0-08 0:06 0-06 0-09 0-1 0-1 
No. of caudal papillae | 5 5 4 2 2 2 
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FicureE I 





Litomosoides carinii (‘Travassos, 1919) 

















a.—Anterior extremity of a specimen measuring 60 mm., from Nectomys squamipes. 
b.—Anterior extremity of a specimen measuring 90 mm., from Nectomys squamipes. 
c.—Anterior extremity of a specimen measuring 70 mm., from Nectomys squamipes. 
d,—Anterior extremity, specimen from Sciurus sp. 

e.—Anterior extremity, much enlarged, specimen from Sciurus sp. 

f.—Tail of male, lateral view, specimen from Nectomys squamipes. 

g.—Tail of male, lateral view, specimen from Nectomys squamipes. 


h.—Tail of female. 
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Ficure I] 
Ackertia burgosi (De La Barrera, 1926) 




















a.—Anterior extremity, much enlarged. 

5.—Anterior extremity showing the position of the vulva. 
c.—Posterior extremity of female. 

d.—Tail of male, lateral view. 
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STUDIES ON CHEMOTHERAPY IN BIRD 
MALARIA* 


1.—ACQUIRED IMMUNITY IN RELATION TO QUININE 
TREATMENT IN PLASMODIUM CATHEMERIUM 
INFECTIONS 


BY 
E. M. LOURIE 
(Department of Hygiene and Bacteriology, University of Chicago) 
(Received for publication 16 February, 1934) 
INTRODUCTION 


The work to be recorded and discussed in this contribution, the first of a 
short series dealing with certain problems of chemotherapy in bird malaria, 
has been carried out with a strain of Plasmedium cathemerium Hartman, 1927, 
upon which much experimental work has already been done by previous workers. 
It is, therefore, an especially suitable strain for the purposes in view, since 
there is a sufficient groundwork of observed and confirmed facts in regard to 
the normal series of events in infections of canaries with the particular strain. 
Canaries were the only birds employed in the work to be described. 

The strain was isolated by Hartman in 1924 from an English sparrow in 
Baltimore, Maryland, and no attempt will be made here to detail all the work 
that has already been carried out with it by various investigators since its isola- 
tion; a useful tabulation of most of this work is given by Gingrich (1932). 

A typical infection of a canary with the strain involves an incubation (or 
prepatent) period, the average duration of which varies with the size of the 
infecting inoculum and according to the route of infection. Ordinarily this 
period is about 2 to 4 days, when an inoculum of moderate size is administered 
by intramuscular or intraperitoneal injection. ‘There is then a steady rise in 
number of parasites in the peripheral blood for about 4 days, followed by a 
number crisis lasting a few days and involving a striking disappearance of 
parasites from the circulation ; after a further period of from 1 to 2 weeks, 
during which time parasites may be found in small or moderate numbers, the 
infection finally lapses into the latent stage when parasites can no longer be 
found on examination of films but can, nevertheless, be shown to be present 





*These investigations were carried out during the tenure of a Rockefeller Medical 
Fellowship of the Medical Research Council of Great Britain. The author is much 
indebted to Dr. W. H. Taliaferro for his valuable advice, and to Dr. Clay G. Huff for many 
helpful suggestions. ‘The work was aided by financial support from the International 
Health Division of the Rockefeller Foundation and the Logan Fund of the University of 
Chicago. 
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by blood inoculation into another bird, when a normal infection will ensue. 
During the latent stage, which lasts for an indefinite time, there may occasionally 
be relapses, when parasites are again easily found in blood films. In P. cathe- 
merium infections relapses are somewhat less frequent (Manwell, 1929) than 
they are in infections with the other species of avian malarial parasite which 
have been studied with regard to this point. 

It has long been known and has amply been confirmed by a large number 
of workers that during the latent stage of an infection a bird is immune to super- 
infection. ‘This matter was studied in a quantitative way and _ illustrated 
with particular effect by W. H. Taliaferro and L. G. Taliaferro (1929). ‘These 
workers intravenously inoculated latently-infected birds with large numbers of 
parasites so that the latter could easily be found on examination of the peripheral 
blood immediately afterwards. It was thus possible, by frequent examinations 
of films, to measure the actual rate of subsequent disappearance of the parasites 
from the peripheral circulation. It was found that if the inocula employed 
were such that the blood showed approximately from 1 to 100 parasites per 
10,000 red cells, the parasites were removed from the circulation within 24 
hours. When their number was increased to from 100 to 400 per 10,000 red 
cells, they were removed within from 48 to 76 hours, whilst control birds, 
previously uninfected, showed extremely severe infections, frequently ending in 
death, after such large numbers of parasites had been similarly introduced. 

The first object of the work reported in the present paper has been to 
determine whether this immunity to superinfection, associated with latency, is 
as effective in the case of birds in which the early stages of the primary infection 
have been rigorously treated by quinine as it is in birds which have suffered 
untreated infections. Certain points raised by the experimental approach to 
this problem have been pursued further, and some possible implications of the 
results arrived at are discussed. ‘The enquiry has seemed of interest not only 
for its own sake but also on account of the possible indirect light it may throw 
on problems of a similar nature in human malaria. 


EXPERIMENTAL METHODS AND DOSAGES OF QUININE 
EMPLOYED 


The infections dealt with in the present paper have all been brought about 
by direct blood transfer from bird to bird, made either by inoculation into the 
breast muscles of about 0-1 or 0-2 c.c. of a mixture of infected blood and 
citrated saline solution, or by intravenous inoculation of such a mixture. For 
intravenous inoculations it was found most convenient to inject into one of the 
lateral veins of a toe, using a gauge 27 needle. ‘The quinine employed was a 
solution of the hydrochloride in distilled water, and this was in all cases adminis- 
tered intraperitoneally in a volume of 0-1 c.c. In Table I is shown the mortality 
associated with daily injections of variously-sized doses of quinine. ‘This Table 
is compiled from data collected not only during experimental work described 
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in this paper but also during experiments which will be the subjects of further 
contributions in the present series. 
TABLE I 


Showing the mortality associated with daily treatment by single intraperitoneal injections 
of quinine hydrochloride in variously-sized doses 


























Size of | _ Died on Died Died Survived Percentage of 
daily dose | Number of _Ist day during during 2 weeks’ survivors 
per 16-5 gm. birds | of Ist week of 2nd week of treatment. after 2 weeks’ 
bird treated treatment treatment treatment treatment 
Per cent. 
4 mgms. 7 3 4 — 0 0 
3 mgms. 7 0 6 l 0 0 
2 mgms. 32 0 9 13 10 31-2 
1 mgm. 221 0 11 27 183 82-8 





It will be seen that a dose of 4 mgms. per 16-5 gm. bird may be fatal when 
given in a single injection. Daily doses of 3 mgms. are fatal within 14 days, 
and doses of 2 mgms. involve a very high mortality (31-2 per cent. survivors) 
during the same period of time. ‘Treatment by 1 mgm. is near the upper limit 
of tolerance for single daily intraperitoneal injections continued over a period 
of 2 weeks. It may be mentioned, in passing, that for certain birds the daily 
injection of 1 mgm. quinine was continued and was well supported for longer 
periods than 2 weeks, and it was not uncommon for some of these birds even 
to survive many months of the treatment ; in 2 birds the course was continued 
for as long as 230 and 276 days, respectively. 

The daily intraperitoneal injection of 1 or 2 mgms. of quinine hydrochloride 
in 0-1 c.c. did not cause severe local reactions in the great majority of cases, 
particularly if a part of the abdominal wall which seemed slightly inflamed was 
avoided for a number of the subsequent injections. After about 2 weeks there 
was usually a certain amount of reactionary thickening of the abdominal wall, 
but the appearance of an abscess was only brought about on one occasion through- 
out the entire series of experiments, and this was after 7 months of treatment 
by the drug. A certain number of the deaths were to be accounted for by some 
accident, such as an intraperitoneal haemorrhage. 

In order to score the intensity of infection at various stages, blood films were 
examined either daily or at appropriate intervals, as indicated in the text, and 
the approximate number of parasites per 10,000 red blood corpuscles was 
determined, 
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EXPERIMENTAL WORK AND RESULTS OBTAINED 


Two series, A and B, of birds were infected, approximately the same 
amount of infective mixture being used for each bird in the respective series. 


(See Table IT.) 


Series A.—Of 16 birds infected in this group, the acute stages of the disease were 
suppressed in 10 (nos. 904-913) by courses of quinine treatment consisting of daily injec- 
tions of 2 mgms. of the drug, started on the 3rd day after infection and continued over a 
period of 14 days, or until the death of the bird. The other 6 birds (nos. 914-919) were 
allowed to contract untreated acute attacks of the infection. On the 58th day attempts 
at superinfection were made by the injection of approximately equal numbers of parasites 
intramuscularly or intravenously into the surviving birds (nos. 904, 905, 907, 908, 909 and 
917,918). A control bird (no. 977), previously uninfected, was inoculated at the same time 
with an equal amount of the infective mixture. 

Series B.—Twelve birds were infected. 'Two of these (nos. 929 and 932) were treated 
daily with 2 mgms. quinine for 15 days, beginning on the 4th and 5th day respectively 
after infection. Eight were treated with daily doses of quinine greater than 2 mgms., 
but these all died at various periods during the 15-day course of treatment. 'The remaining 
2 birds (nos. 935 and 936) were subjected to untreated acute infections, with fatal result 
to bird 936. Attempts at superinfection of the surviving birds, 929, 932 and 935 (appro- 
ximately equal inocula used in each case), were made on the 49th day of the infections, a 
control bird (no. 980), previously uninfected, being inoculated at the same time in similar 


manner. 
In both the above series, blood films from the treated birds were taken and examined 


daily during the course of treatment and for 11 days following; thereafter, films were 
examined either daily or every second day. The untreated cases were always examined 
at the same times as the treated birds. The frequency and results of examination subsequent 
to the attempts at superinfection are indicated on Table IT. 


The dosage of quinine employed effectively suppressed the characteristic 
acute stages of infection in the treated birds, though it was not always sufficient 
to prevent the appearance of an occasional parasite in the blood stream during 
the course of treatment. 

Table II summarizes the results of the experiments in so far as they concern 
those birds which survived. In the case of the treated birds, it was confirmed 
that, as is illustrated in the fifth column of the Table, after the termination of 
a course of quinine treatment, the numbers of parasites which appear is far less 
than usually appear during primary untreated acute attacks. The significance 
of this fact, as observed in P. relictum (P. praecox) infections, was pointed out 
by Briinn (1926) and will be further referred to and emphasized in the present 
paper. 

As may be seen, the attempts at superinfection can be said to have given 
negative results both in the previously treated and in the untreated birds, 
although a cursory inspection of Table II might lead to the conclusion that the 
immunity was not quite as effective in the previously treated birds as in the 
others. However, the number of survivors available for attempts at superinfec- 
tion among the latter (or, indeed, the total number of survivors) was not sufficient 
to enable a final comparison to be made; also, the small number of parasites 
which appeared after the re-inoculation and the long interval (about 2 weeks in 
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most cases) between re-inoculation and the appearance of these few parasites, 
would seem to place their appearance in the category of very mild relapses 
rather than true superinfections. ‘The fact does stand out, in any event, that a 
high degree of immunity to superinfection was demonstrated in the birds which 
had previously been treated by quinine. 

In order the better to arrive at an estimate as to whether the immunity to 
superinfection in previously treated birds is to any extent quantitatively com- 
parable with the immunity in previously untreated birds, it was decided in the 
following series to make the attempts at superinfection by intravenous inocula- 
tions of very large numbers of parasites, so that the actual rate of disappearance 
of these parasites from the circulation could be followed in all the birds, and thus 
an exact comparison be made of the effectiveness of the immunity in the various 
cases. 


Series C.—(See Table III.) Eleven birds were infected by intramuscular injection. 
Seven of reall (nos. 27-33) were treated by daily intraperitoneal injections of 2 mgms. 
quinine starting on the 3rd day of the infections, but only one (no. 28) survived 15 days 
of the treatment. Four birds (nos. 34, 35, 37 and 38) were allowed untreated acute infec- 
tions, and, of these, bird 35 died during its attack. On the 67th day, attempts at super- 
infection of the survivors were made by intravenous inoculation of blood-citrate-saline 
mixture so heavily parasite-laden that large numbers of parasites could be found in blood 
films made a few minutes after the inoculations ; bird 75, previously uninfected, was at the 
same time intravenously injected, as a control, with an inoculum equal in size to that which 
was used for the other birds. Blood examinations of bird 28 were made daily during the 
period of treatment and for 17 days subsequently, films from the untreated birds being 
examined at the same times. Thereafter, examinations were made daily or every second 
day until the re-inoculations, after which films were examined as indicated in Table III. 


Only 2 parasites appeared during the course of treatment of bird 28, and 
it is again to be noted that the numbers of parasites found after the termination 
of treatment fell far below the numbers encountered during ordinary acute 
stages of untreated infections (see third column of ‘Table III). From the ‘Table 
it will then be seen that the intravenous inoculations on the 67th day were such 
that from 58 to 98 parasites per 10,000 red blood corpuscles were demonstrable 
in blood films a few minutes after the injections. In the case of the previously 
treated bird, parasites could no longer be found in blood films 3 days later, 
while among the 3 surviving birds in which the infections had not been inter- 
fered with by quinine, only in 1 case (bird 37) was there as rapid a clearing of 
the blood stream. In this bird, as well as in the previously treated case, very 
small numbers of parasites were again seen on the 6th day after attempted 
superinfection, and also on several occasions later. ‘The previously untreated 
birds 34 and 38 required 20 and 7 days respectively before negative blood films 
were encountered. The infection in the previously uninfected control bird 75 
pursued an acute course, running up from 58 parasites per 10,000 red cells on 
the day of infection to 2,800 5 days later. 

It is evident that suppression of the acute stage of infection by a very 
rigorous course of quinine treatment did not prevent bird 28 from acquiring a 
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powerful immunity to superinfection, this immunity certainly being no less 
effective than in birds which had, during the early stages of their infections, 
shown the customary sharp increase in numbers of parasites. 

On account of the very high mortality in the last series, it was decided to 
repeat the above experiment, but with the difference that the daily injection of 
2 mgms. quinine should be given in divided doses, 1 mgm. being given in the 
morning and again in the afternoon of each day of treatment. 


Series D.—(See Table IV and Figure.) Of 13 birds infected on the same day by 
approximately equal-sized inocula, 7 (nos. 78-84) were subjected to quinine treatment 
for 15 days or until death of the bird, the treatment having been commenced on the Ist day 
of finding parasites (the 3rd day after inoculation, in most cases). Only 1 bird (no. 83) 
died during the course of treatment, and it is therefore not referred to in the Table. The 
records of the infection of bird 81 are also omitted from the Table since it ran quite an 
exceptionally protracted and severe course and had not lapsed into the stage of latency 
by the 67th day. The infections of 6 birds (nos. 85-90) of the series were allowed to run 
their course without treatment, and 3 of these birds died during the acute stages. ‘The 
67th day was once more chosen for the attempt at superinfection of the surviving birds 
(excepting bird 81); a blood-citrate-saline mixture very heavily laden with parasites was 
inoculated intravenously, in approximately equal amounts, into the birds, and also into a 
previously uninfected bird, no. 240, as a control. 

Blood films were made and examined both from the treated and untreated groups of 
birds every day, with 3 exceptions, until the date of re-inoculation. After re-inoculation, 
films were examined as indicated in Table IV. 


The results of the above procedures are represented in Table IV, and are 
also illustrated by the figure in the form of two composite graphs, on a logarithmic 
scale. 

The treatment entirely aborted the acute stages of infection, and reference 
to Table IV (third column) and to the figure will show once more how markedly 
fewer parasites appear after the termination of treatment than during ordinary 
uninterrupted acute phases. 

All the birds tested, both in the treated and the untreated groups, showed 
a very high degree of immunity to superinfection, as may be seen by further 
reference to the Table and the figure. Parasites were introduced intravenously 
in such great numbers that from 150 to 580 per 10,000 red cells were demon- 
strated a few minutes later, but they were no longer to be found in blood films 
examined from 2 to 5 days subsequently. The effect was, indeed, particularly 
marked in the case of 2 of the birds, 82 and 84, which had previously passed 
through the course of quinine treatment. In these cases the parasite count 
dropped from 150 and 230 respectively on the day of the attempted superin- 
fection, to 11 and 2 respectively on the following day ; and parasites were no 
longer to be found on the second day after the re-inoculation. Subsequent to 
the attempts at superinfection, all the birds were kept under observation for 5 
weeks without parasites being found in any significant numbers, although a 
few were found from the 11th to the 13th day in blood films from the previously 
untreated bird 88, and a single parasite on the 14th day in a film from the previ- 
ously treated bird 82. In the case of the control bird 240, in which the intra- 
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venous inoculation resulted in the finding, a few minutes later, of 250 parasites 
per 10,000 red cells, the infection pursued a very severe course, with a rapid 
increase in numbers of parasites, and terminated fatally 9 days later. 

It is justifiable to conclude, then, considering the results thus far described, 
that when the acute phase characteristic of uninterrupted P. cathemerium 
infections of canaries is suppressed by severe quinine treatment, there does 
develop, nevertheless, as powerful an immunity to superinfection as is acquired 
when an infection is not subjected to any treatment. 

The fact that the numbers of parasites appearing in the blood shortly after 
the termination of early treatment are always considerably less than appear 
during acute primary attacks is of much interest, and indicates that the immunity 
enjoyed by birds which have been subjected to such treatment is largely built 
up during the actual course of its administration. Clearly, if quinine treatment 
at the commencement of an infection were to involve an interference with or 
embarrassment of any machinery which might bring about an acquired immunity 
in an infected bird, then (other factors, such as natural immunity, being equal) 
there should follow upon the course an acute attack which would be roughly 
proportional to the extent of that interference. 

In some of the treated birds this failure of parasites to appear in large 
numbers after treatment was particularly striking, for example, in bird 84 
(Series D, ‘Table IV) treatment was commenced 2 days after primary inoculation, 
when a single parasite was observed in a blood film. Films were examined 
daily (except for three omissions) not only during the 15 days of treatment, but 
also for 49 davs after its termination, and only one further parasite was observed 
during this entire period. 

The point is of much importance, not only theoretically but in its possible 
implications with regard to certain problems of human malaria. It was thought 
well, therefore, to examine the matter in somewhat closer detail, and to this 
end infections were studied in which severe quinine treatment, starting the 
day after inoculation of parasites, was applied for varying periods ranging from 


1 to 40 days. 


Series E—(Table V.) Thirty-two birds (nos. 300-331) were infected by intramuscular 
inoculation of approximately equal amounts of an infective mixture. Birds 300 and 301 
were allowed to pass through untreated infections. All the remaining birds were treated 
by daily intraperitoneal injections of quinine, commencing the day after infection, and each 
day’s treatment consisting of 1-5 mgms., in divided doses of 0-75 mgm. in the morning and 
again in the afternoon. ‘The duration of the courses of treatment was different, however, 
in the case of each bird, and lasted, among the survivors, from 1 to 33 days. Blood films 
from birds 326 and 327, which were treated for 30 and 33 days respectively, were made 
daily throughout the courses of treatment, and were examined for 10 minutes at each 
examination, while films from all the treated birds were examined daily from the last day 
of treatment until the crisis of an acute attack in those cases which experienced such an 
attack, or otherwise daily or at intervals of 2 or 3 days for at least 6 weeks. 

Series F.—(Table V.) Eighteen birds (nos. 370-387) were inoculated intramuscularly, 
approximately equivalent inocula being used in each case. ‘Two of these birds, 386 and 
387, were not subjected to any treatment, while the remainder were treated daily for 40 
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TABLE V 





Showing height of infections following on termination of early quinine courses of varying 


lengths of time 









































































































































Bird Duration of treatment Highest parasite count* during 
Series number | (in days) 6 weeks after termination of 
treatment 
302 | l 1530 
308 | 2 7 D 
304 | 3 | 6 
305 4 | 43 
306 7 5 - 39 
307 ie 6 1820 D 
308 "4 7 333 
309 ! g 578 
311 ; - 9 306 
3 10 2 
E a 314 11 10 
- 315 12 13 a 
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7 317 ar 16 32 
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days (or until death supervened), the treatment again being started on the day after infection 
and again consisting, each day, of 1:5 mgms. of quinine given in divided doses of 0:75 
mgm. morning and afternoon. As in the previous series, 2 of the treated birds, 384 and 
385, were examined daily throughout the course of treatment in order to ensure that the 
course was adequate ; all the treated birds were examined daily for.43 days after the 
termination of treatment. Films noted as negative for parasites were examined for at 
least 10 minutes before being so recorded. 

The 4 untreated birds (nos. 300, 301 and 386, 387) of the above 2 series were examined 
daily until the crises of their infections and also during their latent stages, in the case of the 
former pair (series E) from the 31st day, and in the case of the latter pair (series F) from the 
43rd day of infection until after the re-inoculations. The object of the examinations 
during the latent stages was to enable one to compare the frequency of appearance of 
occasional parasites at these periods with the frequency in the infections of which the 
acute attacks had been aborted, immediately before, by intensive treatment. 

After all the above observations had been made, the opportunity was taken (see Table 
Va) to extend the conclusions already stated, by making an exact comparison of the 
immunity to superinfection of the birds which had been submitted to very prolonged 
courses of treatment (33 and 40 days) with that of the previously untreated birds. Of series 
E, intravenous injections of large numbers of parasites were made on the 78th day into 
birds 327, 300, 301 and into the previously uninfected bird 332 ; and of series F, all the 
surviving birds (and also the control bird 388) were similarly inoculated on the 84th day. 

The very severe quinine treatment adopted resulted in a high mortality, 
especially, of course, in series F, all the birds of which were treated for 40 days 
(30 per cent. mortality in series E ; 62-5 per cent. in series F). ‘The treatment 
was, however, very effective from the point of view of keeping the peripheral 
blood free from parasites, since daily blood examinations of birds 326, 327. 
384 and 385, during the period of quininization, did not reveal a single parasite, 

From the results scored on Table V, it would seem that a course of 9 or 
10 days (see birds 311 and 312) approximately marks a limit below which treat- 
ment, commenced the day after inoculation of parasites, is apt to be succeeded 
by marked accumulations of the latter in the blood-stream, comparable with 
the position in acute infections of untreated birds. Where treatment was con- 
tinued for longer periods than 9 days, however, there was (excepting, perhaps, 
bird 380) no case in which, subsequent to the treatment, the numbers of parasites 
increased to nearly the same degree as is usual in untreated birds. Indeed, one 
bird (no. 327), which happened also to have been examined daily throughout 
the period of treatment, was negative to blood examination not only during 
that time but also for the entire subsequent period of 43 days ; when tested on 
the 78th day, it nevertheless showed a very high degree of immunity to super- 
infection. Even in the case of some birds treated for less than 8 days (e.g., birds 
304, 305 and 306), the height of infection was strikingly lower than is common 
in untreated infections. It is true that in the case of bird 380, treated for 40 
days, the parasite count rose to 184 per 10,000 red cells 14 days after termination 
of treatment, but this would be considered an exceptionally low peak in an 
untreated P. cathemerium infection. 

The fact could not be shown in Table V, but comparison with the results 
of daily blood examination of the untreated infections showed that birds which, 


immediately before, had emerged from very prolonged quinine courses, might 
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show occasional parasites no more frequently than do untreated birds during 
their ordinary latent stages. In effect, most of the birds treated for longer 
periods than 3 weeks were frankly carried right over into the latent stage of 
infection. 

It is clear, then, that, using the term ‘ immunity ’ as indicating a function 
which, in the absence of concurrent treatment of an infection, would prevent 
the accumulation of parasites in the blood stream, infected birds may indeed 
acquire, actually during the course of prolonged quinine treatment, such an 
immunity, which is quite equivalent to that acquired during the same period 
of time by untreated infected birds; the results of intravenous inoculations 
of large numbers of parasites on the 78th day (series E) and the 84th day 
(series F), as shown in ‘Table Va, emphasize the point that this immunity, 
when tested by attempts at superinfection, is equally powerful in the two 
classes of case. 

Before concluding this section, and in parenthesis, it may be pointed out 
that in no bird in any of the experimental series did quinine treatment result in 
sterilization of the infection. It may be asked, therefore, whether very prolonged 
treatment might achieve this end. A number of birds were, in connection with 
other experiments, subjected to such prolonged treatment, consisting in intra- 
peritoneal injections of 1 mgm. quinine hydrochloride administered daily until 
the death of the bird. The daily injection was always given at some time within 
about an hour of the normal time (for P. cathemerium) of liberation of merozoites. 
As has been noted in a previous section, it was not uncommon for birds to support 
this treatment for many months: thus, 4 birds were treated over periods of 
137, 142, 230 and 276 days, respectively, before succumbing. ‘Throughout 
these entire periods, in each case, blood films were made and examined either 
daily or every second day. In all the cases there were no significant relapses 
at any time, although occasionally a single parasite, or sometimes 2 or 3 parasites 
per 10,000 red cells, would be encountered. It is interesting to note, incidentally, 
that one of these brief appearances of parasites, extending over a period of 5 
days, coincided with the development of what appeared to be an abscess on the 
abdominal wall; the blood again became negative to microscopic examination 
on the resolution of this lesion. In each case death was preceded by a brief 
period of profound enfeeblement of the bird, and ‘n each case a few paras'tes 
were found in blood films made within a day or two of death. It is clear, there- 
fore, that daily injections of quinine in amounts equal to a fourth of the single 
minimum lethal dose of the drug, continued over periods up to 9 months, did 
not result in sterilization of P. cathemerium infections. 


DISCUSSION 


It is worth while to consider the findings here reported in relation to certain 
problems of human malaria. Before doing so, however, it may be remarked 
that it is sufficiently well known how often studies of bird malaria have cleared 
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the way for an understanding of and for greater control over the human disease ; 
it is therefere reasonable and legitimate to search in any study of the former for 
lessons which might be referred to the latter. It must constantly be borne in 
mind, though, that undue eagerness to claim for any one form of malaria an 
exact counterpart to circumstances which have been found to obtain in any 
other form must surely lead to false conclusions. While it is true that the 
general nature of malaria in various host-species is so essentially the same that 
such broad principles as are elucidated in one form of the infection may confi- 
dently be sought in other forms, yet the details of clinical manifestations, response 
to drugs, and other characteristics may be so different even within the range of 
a single species of malaria in the same species of host (for example, see the 
observations of James, Nicol and Shute (1932) on different geographical strains 
of P. falciparum) that any attempt to seek for generalizations in the field of 
malaria can only be profitable if carried out with utmost caution. With these 
important reservations before one, it is permissible to proceed with the discussion. 

The finding that birds infected with P. cathemerium may develop a powerful 
acquired immunity while undergoing severe quinine treatment is apparently 
very different from what has been found by S. P. James and his co-workers to 
be the case in human malaria. Briefly stated, the detailed clinical and thera- 
peutic studies of James (1931) on P. vivax infections have shown, amongst 
much else, that one effect of the exhibition of quinine before a patient has passed 
through several paroxysms of fever is simply to ensure that he will subsequently 
undergo severe recrudescences and relapses, which might have been avoided 
had the drug been withheld in the earlier part of the disease. ‘The conclusion 
is reached that ‘ patients who are treated with quinine very early in the primary 
attack acquire little or no tolerance.’ ‘This viewpoint was given further illustration 
by James in his experimental consideration of the question of quinine ‘ prophy- 
laxis ’ in P. vivax infections. In one group of tests, 2 patients were subjected 
to continuous ‘ prophylactic ’ treatment by 5 grains of quinine daily for periods 
of 5 and 8 weeks respectively, during which times one was repeatedly, and the 
other on three different occasions, bitten by infected mosquitoes. ‘The indi- 
viduals suffered only from minor clinical manifestations during the periods of 
quininization, but they began to have typical attacks shortly after the treatments 
were stopped, as did all the other subjects of ‘ prophylactic’ tests (except, of 
course, those cases of direct blood inoculation in which the quinine completely 
aborted the infections). One of the opinions arrived at by James on the subject 
of quinine ‘ prophylaxis ’ is, then, that persons who submit to a discipline of 
daily ‘ prophylactic ’ quinine gain little or no immunity to the disease. 

Now in comparing these findings and conclusions with those arising from 
the present work on bird malaria, it is first necessary, in accordance with the 
reservations stated above, to recognise that the finding of a set of circumstances 
in one form of malaria does not necessarily establish a general rule for all 
malarias. Admittedly, it may be that quinine treatment in some species of host, 
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and in infections with some species of malarial parasite, is more obstructive to 
the acquirement of immunity than in others. Also, it must be recognised that 
the infections dealt with in the present work have all been brought about by 
direct blood inoculation, whilst the human infections with which particular 
comparison is now being made were produced by mosquitoes ; the work of 
Yorke and MacFie (1924) and of James (1931) has shown that the results of 
giving quinine are not in all respects similar in human malaria induced by 
these two different methods. However, it would be well to consider, nevertheless, 
whether there might not be present other recognisable factors which could 
explain the apparent inconsistency between the results of the work on birds 
and that on man. In spite of a somewhat uneven basis of comparison that may 
be considered to exist, it is felt that the explanation may possibly be bound up 
with certain apparent differences between the acquired immunity as it ordinarily 
develops, in untreated infections of P. cathemerium, on the one hand, and 
P. vivax, on the other. In birds infected with P. cathemerium, a very strong 
acquired immunity may be brought into evidence—by complete failure to 
reinfect—within a few weeks of the primary infection. In the case of P. vivax 
in man, however, the acquired immunity, which is undoubtedly conferred by 
an infection, is probably not only more unstable than in the case of P. cathe- 
merium, but also takes a considerably longer time to develop to its maximum 
degree. Apart entirely from deductions to this end which one may make through 
a consideration of the clinical happenings in naturally contracted malaria, a 
mere comparison of the reports on attempts at superinfecting or reinfecting in 
birds, and of similar essays in induced malaria in man, is alone sufficient to make 
the point clear. In the case of bird malaria, there is complete unanimity among 
the various workers on the subject as to the solid immunity to superinfection 
acquired by virtue of an initial attack. In the case of P. vivax infections, on the 
other hand, there are, amongst various findings by different investigators, 
numerous reports of successful re-inoculations, although it is true that the 
secondary attacks are generally reported to be milder than the initial attacks ; 
it seems, then, that although a certain definite degree of immunity is undoubtedly 
conferred by a primary attack of P. vivax infection, this is somewhat labile and 
often insufficient to stave off reinfections. James (1931) finds that many patients 
who have passed through a long attack of mosquito-induced benign tertian 
malaria ending in freedom from fever, without having been treated by quinine, 
are subject to definite recurrence of fever and reappearance of parasites in the 
peripheral blood usually between the 8th and 10th month after the date of 
primary infection. At any time prior to the recurrence, a patient can be given 
a second and sometimes a third attack by reinfection with the same parasite, 
but after the recurrence, endeavours to bring on a fresh attack by reinfection 
fail. According to James’s own findings, therefore, 8 to 10 months must usually 
elapse after a primary attack before the resulting immunity to superinfection is 
able to assert itself to greatest effect. 
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In the light of these features, it may be profitable now to compare the 
experiments of James (1931) on ‘ prophylaxis ’ by quinine in P. vivax infections 
with the experiments in P. cathemerium infections reported here (series E and 
F, pages 161, 163). ‘The maximum period of time for which James subjected 
his patients to ‘ prophylactic’ quinine treatment, from the date of infection, 
was 2 months. In all the trials the patients began to have typical attacks as soon 
as the courses were stopped. In the experiments of series FE and F in this paper, 
where treatment of avian infections likewise dated from the beginning of the 
incubation periods, courses of from 10 days to 6 weeks were, on the contrary, 
followed by either a very slight or else no accumulation of parasites. A significant 
difference, however, between these 2 groups of experiments appears to the 
writer to be that, in the work on human malaria, the daily dose of quinine was 
administered for much shorter periods than must ordinarily elapse before an 
acquired immunity is well developed ; it is therefore not remarkable that sharp 
attacks ensued on discontinuing the courses. In the case of the experiments 
on bird malaria, on the other hand, the period of quininization was, in many 
birds, carried on well beyond the period of time which, in untreated infections, 
ordinarily elapses before a full degree of acquired immunity is attained ; those 
birds emerged from their severe quinine courses with a very definite acquired 
immunity. In order to find out whether a similar result is possible in quinine- 
controlled P. vivax infections, it would be necessary to prolong the period of 
‘prophylactic ’ quininization beyond, or at least up to, the time ordinarily 
necessary for the full development of immunity to superinfection (8 to 10 months). 
One may then be in a better position to judge whether the submission to a regimen 
of daily quinine for prolonged periods in the human subject does, indeed, seriously 
interfere with the development of an immunity to P. vivax infection. ‘The experi- 
ments of James are perhaps comparable correctly only with the results obtained 
in the cases of birds 302 to 311 of series E—that is, with birds in which quinine 
was given for definitely shorter periods than are ordinarily required in 
untreated infections for the full development of an acquired immunity. In 
most of these birds, as in James’s patients, there were typical acute attacks after 
discontinuing the daily quinine treatment. 





SUMMARY 


1. Canary birds in which the characteristic acute stage of infection with 
P. cathemerium has been entirely aborted by quinine treatment have subsequently 
as strong an immunity to superinfection as have birds in which the primary 
infection has been allowed to pursue an uninterrupted course. 

2. This high degree of immunity may be built up during the actual course 
of rigorous therapeutic quinine treatment. 

3. These findings do not correspond with the theory that in human malaria 
the early exhibition of quinine must interfere significantly with the acquirement 
of immunity or tolerance. The danger of seeking for close analogies as between 
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one form of malaria and another is appreciated and discussed, but a partial ex- 
planation is suggested for the apparent lack of agreement between the findings in 
P. cathemerium and in P. vivax infections. In the former case a strong immunity 
to superinfection is ordinarily acquired very rapidly (within 3 weeks from the 
first day of infection), and in the present experiments quinine treatment, started 
the day after inoculation of parasites, has been carried on to well beyond this 
period. In human infections with P. vivax, immunity to superinfection is 
somewhat labile and uncertain in comparison, and does not attain its maximum 
till 8 to 10 months after infection by mosquito bite (James, 1931); ‘ prophy- 
lactic ’ quinine treatment, in the experiments of James, was not carried on for 
a period longer than 8 weeks. In order to be able to compare the results in 
P. vivax infections with those in bird malaria it would, however, be necessary 
to prolong the quininization of the human subjects till more than 10 months 
from the first day of infection—i.e., so as to cover the entire period that may 
be required for a strong immunity to become established in an untreated 
infection. 

4, Daily injections of quinine in amounts equal to one-fourth of the single 
minimum lethal dose of the drug, continued over periods up to 9 months, did 
not result in sterilization of P. cathemerium infections. 
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TRICHOMONAS HOAREI sp.nov., A NEW 
INTESTINAL FLAGELLATE FROM A 
CORMORANT (PHALACROCOR AX AFRICANUS 
AFRICANUS) 


BY 
P. DE MURO, M.D. 


(The Wellcome Bureau of Scientific Research, London) 
(Received for publication 8 March, 1934) 


Trichomonas is of common occurrence in the intestine of various vertebrate 
and invertebrate animals. Eberth (1862) was the first to note the presence of 
flagellates in the intestine of birds. Sixteen years later Stein expressed the 
opinion that they belonged to the genus Trichomonas ; this view was shared by 
Leuckart, Laveran, Mesnil and Doflein. Kent and Biitschli regarded these 
flagellates as trypanosomes, while Liihe thought they were spirochaetes. ‘The 
true nature of these parasites remained unsettled until, in 1911, Martin and 
Robertson proved that Stein’s contention was correct. 

The material on which the present study is based was kindly placed at my 
disposal by Dr. C. A. Hoare, to whom I am much indebted for the opportunity 
of carrying out this investigation.* The material consisted of smears of the 
cloacal contents from a cormorant (Phalacrocorax africanus africanus), which was 
obtained from Victoria Nyanza, near Entebbe, Uganda. 

The smears, in which a Trichomonas was present in large numbers, were 
fixed in Schaudinn’s fluid and stained by various methods, the best results having 
been obtained with Mayer’s acid haemalum and eosin as a counterstain. ‘The 
flagellate in question differs from all the other known species of Trichomonas in 
various particulars discussed below, and I propose to name it Trichomonas hoarei 
sp.nov.,in honour of Dr. Hoare. The shape of its body is elongated and pointed 
at both ends and can be described as irregularly spindle-shaped. The anterior 
extremity is usually pointed in the form of a beak. The minimum length of the 
body of this parasite is 12-64 and the maximum is 19-8p, the average being 
16-Ou. The breadth varies from 4p to 7-4. The cytoplasm sometimes contains 
alimentary vacuoles with bacterial inclusions. The films stained with haemalum 
reveal the following structures : (1) nucleus, (2) blepharoplast, (3) free anterior 
flagella, (4) undulating membrane, (5) axoneme, (6) cytostome, (7) axostyle, 
(8) basal fibre accompanied by deeply staining granules. 

The nucleus is irregularly oval, measuring 2-54 by 1-8. It has a small 
karyosome with a narrow clear zone around it and some very fine chromatin 








*I am very grateful to Dr. C. M. Wenyon, F.R.S., for providing all the facilities for 
working at the Wellcome Bureau of Scientific Research. 
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granules near the nuclear membrane. It was not possible to detect any connection 
between the nucleus and the blepharoplast. Near the anterior end of the body 
there is a blepharoplast, or a group of these closely packed together to form what 
appears to be a single blepharoplast, surrounded by a narrow clear zone, from 
which the axostyle, basal fibre, axoneme, and the flagella arise. ‘There are four 
anterior flagella of equal length which is in many cases the same as the length 
of the body. In a few specimens the flagella were very long, measuring up to 
32:4. ‘The undulating membrane is well developed, the number of ‘ waves ’ 
varying from five to seven. ‘The axoneme which runs along its external margin 
becomes a free flagellum at the posterior end of the parasite. ‘The free part is 
long, sometimes attaining the length of the body. ‘The basal fibre is well 
developed ; it is curved dorsally and passes practically through the entire length 
of the parasite without protruding beyond the body. In some specimens the 
basal fibre appears to be thicker at the anterior end than at the posterior one. 
Parallel to the basal fibre there are disposed a number of spherical granules 
(‘ grains sous-costaux’ of Grassé) of different size. ‘These granules do not 
appear to be arranged in any special order. In a few specimens it seems as if 
the basal fibre is surrounded by these granules. The axostyle, which is evident 
in almost all the specimens, is hyaline in appearance ; its pointed end protrudes 
beyond the posterior end of the body for about 3-54. With the exception of 
the posterior end, which is slightly thinner, the axostyle has a more or less 
uniform breadth throughout. At the posterior extremity of the axostyle no 
chromatic structure is to be seen. The small cytostome, visible in some speci- 
mens, is‘situated below the blepharoplast. 

A list of species of Trichomonas recorded from birds, together with their 
diagnostic characters, is given in Table I, which, as far as could be ascertained, 
contains all the forms hitherto described. 

T. hoarei of the cormorant (as is seen from Table I) differs from all the 
other species of avian Trichomonas. 'The only species which it resembles in the 
shape and size of the body is T. lacertae Prowazek, 1904, from European lizards. 
The points in which the two flagellates differ are shown in Table II. 


DIAGNOSIS AND SUMMARY 


Systematic position. Trichomonas hoaret sp.nov. (Mastigophora Protomo- 
nadida). 

Description. Body spindle-shaped. Length 12-6u to 19-8y. Breadth 
4. to 7-4. Four anterior free flagella. Free part of axoneme long. Numerous 
spherical granules parallel to the basal fibre. 

Habitat. Intestine of Phalacrocorax africanus africanus (Aves Pelecani- 
formes). 


Locality. Entebbe, Uganda. 

















3981} 9AI}SASIP 











™ jo yaed saddy 02vndo]08 stasvajajyy ¢ 6 fl [eoreyds °° "** OGI ‘IBUIYIOA DS4aQ1p “| 
; [ (¢ ‘ds x4740) ¢ L-G-E G+ TI-G-L Jeao (6261 “19Usda}{) avuvpra0yf * 
‘vwsn : snyjaquin vspuog € si 9-¢-F : "(9 Ze ‘equuey,) avsvuog +7 
purjsuq . snqjos snqjoH ¢ c-h 6 wuosId QTE] ‘UOSaqoYy pure UNIeI\l 1474999 +L 
ezued Ny snuvo14fo podeys 
-BIJOIOIA . SnuvI14fo0 XDLOIOAIDIVYT t F-L-b &-GI-9-ZI -9jpurds | *** = FEG6T “AOu'ds taav0y * 7 
ws - snjonbso} snuvisvyd t c-¢-T G-[I-G-¢ wisojyiid = *** iad ZEGT ‘SIABI, wvisvyd * 7 
: j (¢ “ds x4740) F 9:7-3°G G-L-G-€ : pf ai 6Z6T ‘Ud I_Y XAj40 *[ 
ad - (i ‘ds sasup) t C-9-C-¢ 6-9 2 id = 6661 ‘I9UsIPY tasuv “J 
vwsn 7 018D 018D SO 7 " €I-L woyutd ss  * >QZKT ‘oquuRy, 70 °7 
on e és DpunInu 4350] 0g a C-$-C-Z FI-OL peesuoja § gZ6T ‘ZluUN|] pue BeYyUND v7n7/0a2Un] * 7 
= vauvlo? sapiuviép 
|Izeig ” tv vsvygojo4’) t L-* Z1-6 “"eZ6, “zlunyA, pue wyuny wniap -7 
Aiesunyy 4 SD9S0q SDUP’ F S-F cI-6 ” in — EZ61 ‘UP[IOS StZDUD * 7 
pursuq snjjos snqjoyy $ 9-¢ L-#-G | wasoztatd | eee TT BT 
‘uos}I9qoOYy pue UljIB]A, wnsvutos * 7 
Ayeyy uwindoe-) p21) vgquinjo’) 2 g L-9 jB@ao | °° “* QLET ‘BIJOAIY avquinjoo * 7 
e]osey (suodoTW UT) 
Ayyeoo7y yeWQGepT ysO}] JO1I9jUB yipesig yisusy adeys SpiIq WOI} SpUOWMOYIIAT JO SaIdadg 


jo Jaquinny 





] a1aV I, 











174 


TABLE II 


Differential diagnosis of T. hoaret sp. nov., and T. lacertae Prowazek, 1904 








T. hoarei sp.nov. T. lacertae 
Anterior free flagella | 4 3 
Parabasal... None Present 
Axostyle ... Grassé’s ‘ capitulum ’ absent ‘ Capitulum ’ present 
Basal fibre Not protruding beyond the body Protruding beyond the body 


Granules surrounding the 


basal fibre 


Present Absent 

















Trichomonas hoarei sp.nov. 


(Drawn with the help of a camera lucida: X 2,400.) 
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REPORT ON A COLLECTION OF 
CERATOPOGONIDAE FROM MALAYA 


BY 
| J. W. S. MACFIE 
I (Received for publication 17 March, 1934) 


The collection consists of 143 specimens, 127 females and 16 males, of 

which 130 are from Malaya, 8 from West Java, 4 from North Borneo, and 1 

from Siam. Almost all the specimens were collected by Mr. H. M. Pendlebury. 

The specimens represent 41 different species, 24 of which appear to be 

new. Five of the new species found in the collection, namely Atrichopogon 

assuetus, A. sumatrae, Culicoides sumatrae, Stilobezzia castanea and Palpomyia 

caesia, are only briefly described, or have their chief characters indicated merely 

by means of keys. ‘This is done because these species (which have been found 

also in Sumatra) have been fully described elsewhere, in a report on a collection 

of Ceratopogonidae from Sumatra, which although completed many months ago 

has not yet been published. For the same reason, six other species found in 

the Sumatran collection (but not in the Malayan), namely, Forcipomyia grata, 

F’. lanceolata, Atrichopogon edwardsi, A. harpagonum, A. vesiculosus and A. jejunus, 

have had to be named here, with but brief notes of their chief characters, 

because it was necessary to refer to them in this report. The full descriptions 

of these species also is given in the report on a collection of Ceratopogonidae 
from Sumatra referred to above. 

Several of the species of Forcipomyia are apparently the same as African 
species. ‘This probably only indicates that in this genus certain species have a 
very wide range of distribution. At least some of them have probably received 
other names when found in other parts of the world, but at present it is not 
possible to determine their synonymy satisfactorily. 

The method of description employed, and the terms used, are the same as 
I have used in a number of recent reports. The unit used is approximately 
3-64. The two keys given (Forcipomyia and Atrichopogon) are added merely as 
an aid for the separation of the species referred to in this report and in a recent 
report on Sumatran species (not yet published). ‘They should be read in 
conjunction with the much more complete keys of Johannsen (1931). 

I am indebted to Dr. F. W. Edwards for the opportunity of examining this 
collection. All the types of the new species described are in the collection of 
the British Museum (Natural History), London. 


Fenkinshelea gen.nov. 


In 1913, Kieffer erected the new genus Fenkinsia for a species of midge 
taken in Calcutta, Having in 1923 referred a West African insect to this genus, 
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Professor David Starr Jordan kindly wrote to me to point out that the name 
Jenkinsia had previously (1896) been used for a genus of fishes, and was therefore 
inadmissible for a genus of midges ; and more recently Professor O. A. Johannsen 
has suggested that I should offer a substitute for it. I therefore take this 
opportunity of suggesting the name Fenkinshelea—a name which would preserve 
the dedication to Monsieur J. T. Jenkins, ‘ qui a recueilli beaucoup de Chirono- 
mides dans les Indes,’ which Professor Kieffer desired. 


Styloconops spinosifrons (Carter). 


Malaya: Negri Sembilan, Port Dickson, 17.2.1933, 899 (H. M. Pendle- 
bury). 

These specimens agree with the excellent description and figures given by 
Carter, and, although I have not had the opportunity of actually comparing 
them with the types, I have no hesitation about the identification. ‘The species 


has been recorded previously only from Zanzibar. 


KEY TO Species OF Forcipomyia FROM SUMATRA AND MALAYA—FEMALES 





g Wings with pale spots wa ae 
Wi ings unadorned .% 
2. Wings with several pale spots ee 
Wings with a single pale spot .4 
3. ‘Two pale spots between branches of Cu . grata sp.n. 


A single pale spot between branches of Cu 


_. lepidota I. & M. 
5 


4. 'Tibiae armed with lanceolate ied am 
Tibiae without such spines «*® 
5. Hind tibiae with dark basal band ; Es R. “about 0-7 . biannulata 1. & M. 
Hind tibiae unadorned ; T.R. about 0-7 .. lanceolata sp.n. 
Hind tibiae unadorned : T.R. about 1 . ensifera sp.n. (p. 182) 
6. Hind tibiae almost entirely dark brown .. a 
Hind tibiae almost or quite unadorned ; 'T.R. about 0-7 .. 8 
7. Pale spot small, situated just beyond end of costa . ingenua sp.n. (p. 180) 
Pale spot larger, enveloping second radial cell .. Ssp.a 
8. Scales present .. castanea (Walk.) 
Without scales .. ashanti I. & M. 
9. Legs spotted .. punctipes Edw. 
Legs otherwise adorned .. 10 
10. T.R. about 0°5 .. tnornatipennis (Aust.) 
T.R. about 0°9 . 11 
11. Hind tibiae unadorned, yellowish — .. ingrami Cart. 
Hind tibiae dark or darkish brown + ‘ 
12. Hind tibiae not armed with lanceolate spines .. subtilis Joh. 
Hind tibiae with such spines . sp. (not named) 
Forcitpomyia ashanti Ingram & Macfie 
Malaya: Pahang, Gunong Tahan Padang, 5,500 ft., 19.1.1923, 1¢ (H. M. 
Pendlebury). 


The pale, yellowish spot about the middle of the anterior border of the 
wing, covering the second radial cell, and the dark patch proximal to it, are not 
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very conspicuous ; but the small dark spot situated just beyond the end of the 
costa is very dark, and is a notable feature of the wing adornment. Apart from 
being a slightly larger insect the Malayan specimen does not seem to differ in 
any essential respect from specimens collected in West Africa, and the genitalia 
of the males are apparently indistinguishable. 


Forcipomyia biannulata Ingram & Macfie 


Malaya : Pahang, 5,500 ft., 3.1.1923, 19 (H. M. Pendlebury), and Cameron’s 
Highlands, Tanah Rata, 4,800 ft., ‘ at light,’ 13.1.1924, 1g (M. R. Henderson). 
Selangor, Kuala Lumpur, ‘ at light,’ 29.3.1926, 19, 23.4.1926, 19, 26.4.1926, 
13, 16.5.1926, 19, and (?) 14.4.1932, 19 (H. M. Pendlebury). 


Forcipomyia castanea (Walk.) 


Malaya: Pahang, Cameron’s Highlands, ‘l'anah Rata, 4,800 ft., ‘ at light,’ 
11 to 14.3.1925, 13, 729, and No. 4 Camp, 4,800 ft., 17 to 18.10.1923, 299 ; 
Fraser’s Hill, 4,200 ft., 26.5.1926, 299, and 4,000 ft., 31.1.1929, 19. Selangor, 
Bukit Kutu, 3,500 ft., 11.9.1929, 14, and 2,300 ft., 22.9.1932, 19 (H. M. 
Pendlebury). 

The Malayan specimens do not appear to differ from West African speci- 
mens, but, as the hind femora are almost or completely devoid of the dark band, 
they should be referred to the variety F. castanea (Walk.) var. incomptifeminibus 
(Aust.). 


Forcipomyia ingrami Carter 


Malaya: Selangor, Kuala Lumpur, ‘ at light,’ 21.3.1925, 299 (H. M. 
Pendlebury). 


Forcipomyta inornatipennis (Aust.) var. ornaticrus Ingram & Macfie 


Malaya: Kedah Peak, 3,300 ft., ‘ at light,’ 19.3.1928, 12; Kedah, nr. 
Jitra, Catchment Area, 3.4.1928, 12; Kuala Lumpur, ‘at light,’ 1.1.1931, 
12; Pahang, Fraser’s Hill, 4,200 ft., 22.5.1932, 19 (H. M. Pendlebury). As 
there are no males in the collection the identification lacks confirmation. 

North Borneo: Sandakan, ‘ at light,’ 18 to 20.7.1927, 23 3, 19(C. B. K. and 
H. M. P.). 


Forcitpomyia lepidota Ingram & Macfie 


Malaya: Kedah Peak, 3,000 to 3,300 ft., 15 and 16.3.1928, 13, 29° (H. M. 
Pendlebury). 

These Malayan specimens do not differ in any material respect from 
African specimens of F’.. lepidota, and the genitalia of the males appear to be 
indistinguishable. F. lepidota has previously been recorded only from West and 
East Africa. 
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Forcipomyia punctipes Edwards 


Malaya: Pahang, Fraser’s Hill, 4,200 ft., 22.5.1932, 19 (H. M. Pendlebury). 
This insect has previously been recorded from Samoa only (Edwards, 1928). 


(2?) Forctpomyia subtilis Joh. 


Malaya: Selangor, Bukit Kutu, 3,500 ft., 20.4.1926, 19 ; Pahang, Fraser’s 
Hill, 4,200 ft., 20.5.1932, 19 (H. M. Pendlebury). 

These insects are probably F. subtilis Joh. ‘Their chief characters are as 
follows. Head (including palps and antennae), thorax and scutellum very dark 
brown or blackish. Legs very dark brown, but with bases of femora and articula- 
tions paler, yellowish. Abdomen very dark brown, but when expanded showing 
paler intersegmental bands. Densely clothed with very dark bristles and hairs, 
but without either scales or modified (tibial) spines. Antennae with segments 
4-10 sub-conical, from 13 by 14 to 13 by 10 units in one specimen, 11-15 more 
cylindrical, 11-14 sub-equal, 14-17 by 7-8 units, 15 about 26 (including stylet 
of about 3 units) by 8-9 units. ‘The combined lengths of segments 11-15, 
4-10 and 3-10 about 85, 91 and 105 units, respectively. Wings dark, especially 
over radial areas, without pale spot : length 1-3 mm., breadth 0-5 mm. Halteres 
darkish brown. ‘T.R. 0-9. Spermathecae two, very highly chitinized, rather 
narrowly oval, sub-equal, about 63 by 374; the duct chitinized for only a 
short distance. 


Forcipomyia sp. 


Malaya: Pahang, Fraser’s Hill, 4,000 ft., 26.12.1930, 19 (H. M. Pendle- 


bury). 
A dark brown species, with wings not adorned with any pale spot, and 


T.R. 0-8-0-9. Somewhat resembling F. subtilis Joh., but tibiae armed with 
modified (lanceolate) spines, and segments 4—10 of antenna flask-shaped. Without 
definite scales. 


Forcipomyia spp. (damaged) 


Malaya: Pahang, Fraser’s Hill, 4,200 ft., 26.5.1926, 12; and Perak, 
Larut Hills, 4,500 ft., ‘ at light,’ 21.2.1932, 19 (H. M. Pendlebury). 


Forcipomyia ingenua sp.nov. 


A very dark brown species, with wings adorned with a single pale spot 
about the middle of the costal border, and almost uniformly dark brown legs. 
Clothed with scales as well as hairs ; without modified spines on the tibiae. 

3, 9—Length of wing, 1-3-1-4 mm. ; greatest breadth of wing, 0:3-0-5 mm. 
As is usual, the wing of the male is longer and narrower than that of the female, 
paler, and less densely clothed with hairs and scales. 
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Heap blackish. Palpi dark brown: segment 3 longer than 4 and 5 together, 
moderately inflated at base, with a not very large pit ; lengths of last three seg- 
ments in both sexes about 32, 12 and 14 units, respectively. Antenna of male 
dark brown, segments 11-14 narrowly paler at tip, plume blackish, not paler at 
tip: segments 4-11 similar but successively longer and narrower, measuring 
from 13 by 13 to 15 by 8 units ; 12-15 more elongate, in the same specimen 53, 
26, 21 and 27 (including stylet of about 3 units) by about 7 units, respectively. 
Antenna of female very dark brown at base, slightly paler at tip, with an abrupt 
change of shape between segments 10 and 11: segments 4-10 flask-shaped, 
from 20 by 12 (maximum) to 18 by 9 units, with curved, rather blunt, brownish 
spines ; 11-14 sub-cylindrical, sub-equal, 18-20 by 7-8 units, 15 about 25 
(including stylet of about 3 units) by 7 units. ‘The combined lengths of segments 
11-15, 4-10 and 3-10 approximately 105, 137 and 159 units, respectively. 

THORAX very dark brown ; clothed with dark, and some pale, brown hairs 
and bristles. Scutellum very dark brown ; bearing numerous bristles and hairs. 

WInGs adorned with a single small, rather inconspicuous, pale spot about 
the middle of the anterior border, situated just beyond the end of the costa. 
In female, wing dark, especially towards anterior margin on each side of pale 
spot, and over radial areas, densely clothed with dark hairs, and bearing also 
numerous narrow scales; in male, wing much paler, partly denuded in the 
specimen examined, with fewer hairs and scales. Venation normal. Costa 
reaching to about middle of wing. First radial cell obsolete, second triangular. 














Fic. 1. Forcipomyia ingenua sp.nov.: hypopygium of male, ventral view. 
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Fork of Cu in female slightly proximal to level of end of costa; in male distal 
to this level. Halteres with white knobs which, in the female, are infuscated. 
Lecs almost uniformly dark brown, but knees narrowly paler, yellowish, 
and terminal segment of each tarsus rather paler than the rest. Fore-legs rather 
paler than posterior four. Scales numerous in female ; fewer and not readily 
seen in male. No modified spines on tibiae. ‘T’.R. in both sexes about 0:5. 
ABDOMEN very dark brown. In female cerci paler, yellowish ; and ninth 
sternite bearing a group of small tooth-like spines on each side of the middle 
line posteriorly. Scales numerous in female; in male fewer, and not easily 
seen. Spermathecae two, highly chitinized, oval, unequal and partly collapsed 
in the specimen, but apparently about 75 by 55 and 63 by 48 respectively ; 
the duct chitinized for only a short distance. Hypopygium (fig. 1) very dark 
brown. Ninth sternite somewhat produced posteriorly in middle ; bearing a 
transverse row of bristles proximally. Side-pieces darker rather than paler at 
apices ; claspers very dark. Harpes slender, very dark brown tapering rods 
articulating with long processes from the side-pieces, and united anteriorly 
across the middle by a narrow bridge of chitin. ‘The long processes from the 
side-pieces are barbed near the middle (not shown in fig.) Aedeagus shield- 
shaped, similar to that of F. biannulata. Membrane joining aedeagus to ninth 


sternite not spiculate. 


Malaya: Selangor, Bukit Kutu, 3,500 ft., 13.4.1926, 13, and 9.9.1929, 19 
(H. M. Pendlebury). 

This species resembles rather closely a Sumatran species (Forcipomyia 
sp. a) recently described briefly by me, but not named. It differs from it, 
however, in having the pale spot on the wing smaller, not enveloping the second 


radial cell. 
Forcipomyia ensifera sp.nov. 


A very dark brown species, with wings adorned with a single conspicuous 
white spot about the middle of the anterior border, and darkish brown legs of 
which the hind femora are darker excepting at the bases. Without scales ; with 
numerous modified, lanceolate spines on tibiae of four posterior legs. 

2—Length of wing, 1:6 mm.; greatest breadth of wing, 0-6—0-7 mm. 

Heap blackish. Palpi very dark brown: segment 3 inflated at base, with 
a moderately large pit. Antenna very dark brown, with abrupt change in shape 
of segments between 10 and 11: segments 4-10 somewhat flask-shaped, from 
17 by 13 to 16 by 10 units, armed with curved spines which are rather sharply 
pointed, and about as long as the segments ;_ 11-14 sub-cylindrical, sub-equal, 
20-23 by 8-9 units, 15 about 33 (including stylet of about 3 units) by 8 units. 
The combined lengths of segments 11-15, 4-10 and 3-10 approximately 120, 


124 and 145 units, respectively. 
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‘THORAX very dark brown ; well clothed with dark, and some paler, brown 
hairs and bristles, but without definite scales. Scutellum very dark brown ; 
bearing numerous bristles and hairs. 

WINGs adorned with a conspicuous white or yellowish spot about the 
middle of anterior border which covers the second radial cell, but does not 
spread beyond it. Root of wing rather paler than rest. Wings densely clothed 
with dark hairs, especially at anterior border on each side of the white spot, 
but without definite scales. Venation normal. Fork of Cu slightly proximal 
to level of end of costa. Anal lobe rather large. Halteres with whitish knobs. 

Lecs brown, rather dark in the dried insect, almost uniformly coloured, 
but actual knees a little paler, and hind femora darker, dark brown, excepting 
at bases. ‘lhe terminal tarsal segments are also, as usual, a little more infuscated. 
Tibiae of four posterior legs (but not those of fore legs) armed with numerous 
modified, lanceolate spines. ‘TR. about 1. 

ABDOMEN very dark brown, blackish; densely clothed with dark hairs, 
but without definite scales. Cerci rather paler, yellowish. Spermathecae two, 
highly chitinized, narrowly oval, sub-equal, about 854 by 304; the duct 
chitinized for a short distance, about 7p. 


Malaya: Pahang, Cameron’s Highlands, No. 4 Camp, 4,800 ft., ‘ at light,’ 
13.10.1923, 399 (H. M. Pendlebury); Fraser’s Hill, 4,200 ft., 26.5.1926, 19 
(H. M. Pendlebury); and (?) Fraser’s Hill, 4,000 ft., 1.6.1932, 192 (H. M. 
Pendlebury). 

This species must be distinguished from a Sumatran species, Forcipomyia 
lanceolata, which has the wings similarly adorned, and also bears modified spines 
on the tibiae. /’. lanceolata is, however, not so darkly coloured, bears modified 
spines on all the tibiae, and has legs uniformly brown, the hind femora not half 
dark brown, half pale brown as in the insect just described. 





Lasiohelea villosa sp.nov. 


A rather large brown to yellowish-brown species, with the distal part of 
the abdomen dark brown ; rather shaggy in appearance, and clothed with numer- 
ous scales in addition to bristles and hairs. ‘Terminal segments of antenna very 
long; ‘T.R. 1-8. 

©—Length of wing, 1:7 mm.; greatest breadth of wing, about 0-6 mm. 

Heap dark brown. Eyes apparently bare; broadly contiguous above. 
Palpi dark brown, segments sub-cylindrical : segment 3 without pit, but bearing 
numerous sensory hairs on a large depressed area about middle ; lengths of last 
three segments about 27, 16 and 25 units, respectively. Antennae dark brown : ‘ 
segments 4-10 oval from 12 by 10 to 12 by 9 units, with slender spines twice 
as long as the segments ; 11-15 very long, 11-14 sub-equal, about 50 by 5-7 
units, 15 about 65 (including stylet of about 4 units) by 6 units. ‘The combined 
lengths of segments 11-15, 4-10 and 3-10 about 265, 85 and 100 units, respec- 


tively. 


; : 
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THORAX brown, rather shaggy with bristles and hairs, and bearing also 
numerous scales. Scutellum same colour as scutum; bearing numerous 
bristles and hairs. 

WINGs unadorned, densely clothed with macrotrichia which cover whole 
surface and are especially abundant and darkest towards the anterior border ; 
without bare zones at sides of veins. Scales numerous and very dark on radial 
areas. ‘lip not very blunt ; anal angle very obtuse. Fringe long hairs lanceolate 
and fringed. Radial cells narrow ; second very long, the costa extending about 
two-thirds the wing-length. Fork of Cu at about level of middle of first radial 
cell. Halteres with pale brown or whitish knobs. 

LeGs almost uniformly yellowish-brown, but terminal segments of tarsi more 
or less infuscated ; densely clothed with scales in addition to bristles and hairs. 
T.R. 1-8 to 1-9; ratio rather greater, 2-1 to 2:2, on fore- and middle legs. Basal 
segments of all tarsi armed with longitudinal rows of short spines. 

ABDOMEN very dark brown excepting at base and extreme tip where it is 
yellowish-brown ;_ densely clothed with scales, and bearing long yellowish 
bristles at posterior extremity. Spermathecae two, very highly chitinized, 
pyriform, sub-equal, total length about 70, and greatest breadth about 55y. 


Malaya: Selangor, Bukit Kutu, 3,500 ft., 10.9.1929, 19 (H. M. Pendlebury). 

This species may be distinguished from L. cubitalis (K.) by the form of the 
antennal segments. In L. cubitalis, which, it may here be noted, may well be 
a synonym of L. stimulans (de Meij.), segments 4-10 are sub-spherical instead 
of oval, and 11-15 only two and a half times as long as 10. Both L. samoensis 
Edw. (Samoa) and L. equitans Edw. (N. Borneo) are smaller, and differ in a 
number of characters, e.g., in having the 'T.R. greater, about 3. 


KEY TO THE SPECIES OF Atrichopogon—FEMALES 


1. Median vein sessile (? Atrichopogon) .. te = .. discors sp.n. (p. 189) 
Median vein petiolate , es a eh ie 

2. Yellow or yellowish-brown species es ba is « @ 
Dark brown or very dark brown species ‘ a oe 

3. Angle formed by branches of Cu a right angle ws .. jacobsoni (de Meij.) 
Angle formed by branches of Cu less than a right angle .. 4 

4, 'Terminal segments of all tarsi conspicuously black .. .. edwardsi sp.n. 
Terminal segments of tarsi somewhat infuscated as usual, but 

not conspicuously black a is ea « 


on 


Large species, wing- -length about 3 mm. ; tibiae of hind legs 

dark brown in middle; no special armature in vulval 

region .. - ek - - i = .. fulvus sp.n. (p. 186) 
Smaller species, wing-length about 1 mm.; femora and 

tibiae (excepting knees) mainly dark brown; genital 


armature including a pair of strong hooks s .. harpagonum sp.n. 
6. Antennae with basal segments broader than long oe 
Antennae with basal segments longer than broad, oval 8 
7. A few macrotrichia in cubital and anal cells ; spermatheca 
very large, about 2504 by 150, " i .. vesiculosus sp.n. 


No macrotrichia in cubital and anal cells ; spermatheca 
smaller, about 634 by 56% .. se - = .. Jejunus sp.n. 
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8. Macrotrichia very numerous, covering nearly whole wing, 
and reaching almost to base between M and Cu; legs 
yellowish-brown, with femora (especially those of four 


posterior legs) darker brown in middle ; . assuetus sp.n. 
Macrotrichia more scanty, none between M and Cu proximal 
to level of cross-vein .. ‘i + 9 
9, Macrotrichia numerous in cubital and ‘anal cells ; 10 
No macrotrichia (or only very few) in cubital and anal cells 11 
10. Legs almost uniformly yellowish-brown 7” ~ .. subfuscus sp.n. (p. 187) 
Legs almost uniformly dark brown ... ici ea .. subfuscus sp.n. var. 
melanoticus var.n. 
(p. 187) 


11. Very small species, wing-length about 1 mm. or less ; macro- 
trichia almost wanting, only a few at tai ; last tarsal seg- 
ments not conspicuously black a , Ka .. sumatrae sp.n. 
Larger species, wing-length about 2 mm. macrotrichia 
numerous at tip ; last tarsal segments pe black nigripes sp.n. (p. 188) 


Atrichopogon assuetus sp.nov. 


Malaya: Selangor, Bukit Kutu, 2,500 ft., 9.9.1929, 19; Pahang, Gunong 
‘Tahan Padang, 5,500 ft., 24.1.1923, 19 (H. M. Pendlebury). 

The Malayan specimens are rather larger than those from Sumatra, and 
the petiole of M is slightly shorter, not quite so long as the cross-vein. ‘The 
following points may also be noted. Length of wing, 1-4-1-7 mm. ; greatest 
breadth of wing, 0-5-0-6 mm. Eyes apparently bare; broadly contiguous 
above. Palpi dark brown: segment 3 inflated in middle, with deep pit ; 4 and 
5 sub-equal, together about same length as 3. Scutellum bearing 5 bristles and 
about 10 small hairs. Spermatheca single, highly chitinized, not pitted, oval, 
about 96u by 67; the duct chitinized for only a short distance, about 3-4... 


Atrichopogon jacobsoni (de Meij.) 


Malaya: Selangor, Kuala Lumpur, interior of Batu caves, 6.5.1923, 1, 
409, and ‘ at light,’ 16.8.1923, 12; Kedah Peak, ‘ at light,’ 3,300 ft., 11 and 
20.3.1928, 7299 (H. M. Pendlebury). 


Atrichopogon sumatrae sp.nov. 


Malaya: Selangor, Kuala Lumpur, 8.1.1922, 19 (H. M. Pendlebury). 

Notwithstanding certain small differences, this insect is probably the same 
as the Sumatran species described under this name. ‘The Malayan specimen 
is rather smaller and darker than those from Sumatra, the length of the wing 
being about 0-86 mm., the scutum and scutellum being almost black, shining, 
and the abdomen very dark brown at the base. ‘The following points may also 
be noted. Last antennal segment with very long stylet, in this specimen about 
8 units. Scutellum about same colour as scutum, that is, almost black. Petiole 
of M nearly as long as cross-vein. Radial cells narrower than in the Sumatran 
specimens : first almost obliterated, second long, very narrow, slit-like. Branches 
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of Cu forming an acute angle. Anal lobe not unusually large. 'T.R. rather less 
than in the Sumatran specimens, about 2:3. Empodium rather small and 
delicate, branched. Abdomen darker, very dark brown at base, yellowish- 
brown at tip; containing a white or yellowish substance soluble in caustic 
potash. No special armature in vulval region. ‘The specimen had apparently 
been parasitized, as the abdomen contained a great number of small oval bodies 
with clear ends, eggs or spores. 


Atrichopogon fulvus sp.nov. 


A large, yellowish-brown species, resembling A. jacobsoni, but with the 
branches of the cubital vein of the wing forming an acute angle. 

°—Length of wing, about 3mm. ; greatest breadth of wing, about 0-97 mm. 

HeaD yellowish-brown, containing under the cuticle a whitish substance. 
Eyes bare, broadly contiguous above. Palpi yellowish-brown, the last segments 
somewhat infuscated : segment 3 much inflated in middle, with a deep pit ; 
4 and 5 sub-equal, together about as long as 3. Antennae with torus yellowish- 
brown, flagellum very dark brown: in the specimen measured segments 4-10 
from 20 by 15 to 18 by 12 units ; 11-15 elongate, 11-14 from 72 by 9 to 77 by 
7 units, 15 longer, 100 (with stylet of 7 units) by 6 units. ‘The combined lengths 
of segments 11-15, 4-10 and 3-10 approximately 396, 132 and 156 units, respec- 
tively. 

‘THORAX yellowish-brown, containing much whitish material, with traces of 
usual scutal adornment. Scutellum paler, yellowish ; bearing 6 bristles and 
about 9 small hairs. Post-scutellum darker, brownish. 

WinGs unadorned, brownish. Macrotrichia rather more scanty than in 
A. jacobsoni, covering apical quarter (distal to an imaginary line that would 
join end of costa to end of Cu,), extending whole lengths of both branches of 
M and Cu, and only a few in cubital and anal cells. Anal angle not large as in 
A. jacobsoni. Second radial cell about five times as long as first. Petiole of M 
short, half length of cross-vein. Forking of Cu distal to level of cross-vein, at 
about same level as forking of M. Angle formed by branches of Cu much less 
than 90°. Halteres with white knobs. 

Lecs yellowish-brown. Femora paler, more yellowish, than tibiae and 
tarsi. ‘Tibiae of hind legs darker, darkish brown excepting at apices and bases. 
Terminal tarsal segments somewhat infuscated, but not conspicuously black as 
in A. edwardsi. 'T.R. about 2:4. 

ABDOMEN brown, darker than thorax, containing much whitish material. 
Spermatheca similar to that of A. jacobsoni, single, highly chitinized, oval, 
large (174 by 122,), pitted at base, with the duct chitinized for a short distance 
(about 11,). 

Malaya: Kedah Peak, 3,300 ft., 20.3.1928, 19; Perak, Larut Hills, ‘ at 
light,’ 3,700 and 3,200 ft., 12.2.1932, 299; Selangor, Bukit Kutu, ‘ at light,’ 
3,300 ft., 27.9.1932, 19 (H. M. Pendlebury). 
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Atrichopogon subfuscus sp.nov. 


A dark brown species with yellowish legs, and macrotrichia numerous in 
cubital and anal cells, but between M and Cu not extending towards base 
beyond level of fork of M. 

°—Length of wing, 1-9 mm. ; greatest breadth of wing, 0-7 mm. 

HeEaD yellowish-brown. Eyes apparently bare ; broadly contiguous above. 
Mandibles strong, armed with about 20-30 very small teeth. Palpi yellowish, 
last segment a little infuscated: segment 3 inflated about middle, with deep 
pit; 4 and 5 sub-equal, together rather longer than 3. Antennae with torus 
yellowish-brown, and flagellum very dark brown : segments 4—10 oval, sub-equal, 
about 13 by 9-10 units ; 11-15 elongate, 11-14 sub-equal, about 42 by 7 units, 
15 about 53 (including stylet of about 5 units) by 6-7 units. ‘The combined 
lengths of segments 11-15, 4-10 and 3-10 approximately 219, 90 and 107 units, 
respectively. 

THORAX dark brown or dark yellowish-brown, with traces of the usual 
scutal adornment. Scutellum darkish brown, about same colour as scutum ; 
bearing 6 bristles and about 10 small hairs. 

WINGs unadorned. Macrotrichia numerous, covering distal part of wing 
and posterior areas, and extending as single lines in cell R; to level of middle 
of second radial cell, and in cells M,4, almost to level of fork of M. First 
radial cell slit-like ; second about five times as long as first. Petiole of M 
nearly as long as cross-vein. Fork of Cu distal to level of fork of M. Angle 
formed by branches of Cu slightly less than a right-angle. Anal angle normal. 
Halteres with white knobs. 

LeGs almost uniformly yellowish-brown. 'T.R. about 2-5. 

ABDOMEN dark brown, or dark yellowish-brown. ‘Tip slightly paler. 
Spermatheca single, highly chitinized, apparently unpitted, partly collapsed in 
the specimen examined, but probably oval, about 110 by 90, and with the 
duct chitinized for only a short distance. 


Malaya: Pahang, Gunong Tahan Padang, 5,500 ft., 19 and 25.1.1923, 
222; and Fraser’s Hill, 4,000 ft., 29.5.1932, 19 (H. M. Pendlebury). 


Atrichopogon subfuscus var. melanoticus var.nov. 


Pahang, Fraser’s Hill, 4,200 ft., 1.1.1930, 19 (H. M. Pendlebury). 

This specimen, which is damaged, resembles the preceding species very 
closely, but is rather larger, and much darker in colour. Length of wing, 
2:3 mm.; greatest breadth, 0‘°8 mm. Head and thorax very dark brown, 
blackish ; scutellum and abdomen not quite so dark, but very dark brown. 
Antennae very dark brown, torus only slightly less dark than flagellum: seg- 
ments 4-10 sub-equal, about 15 by 10-11 units ; 11-14 about 62 by 6~7 units, 
15 missing. Wings brownish, venation and distribution of macrotrichia as in 
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the preceding species ; halteres with darkish brown knobs. Legs dark brown, 
not at all yellowish, but bases of femora and proximal segments of tarsi not 
quite so dark as rest. T.R. about 2-6-2-7. 

This insect may perhaps be regarded as a dark variety of the preceding 
species, 


Atrichopogon nigripes sp.nov. 


A darkish brown species with the last tarsal segment of all the legs con- 
spicuously black. 

3, 2—Length of wing, 2:0-2-3 mm.; greatest breadth of wing, about 
0-75 in female, 0-57 in male. 

Heap brown. Eyes apparently bare, broadly contiguous above. Proboscis 
brown ; mandibles of female armed with about 24 small teeth. Palpi yellowish, 
last segment only slightly, if at all, darkened. In female, segment 3 moderately 
inflated in middle, with large pit; 4 and 5 sub-equal, together about as long 
as 3. Antennae darkish brown, but torus and first few segments of flagellum 
paler, yellowish-brown. In male, segments 4-11 as usual, from 16 by 14 to 20 
by 10 units; 12 more drawn out, about 30 by 8 units, 13-15 elongate, about 
60, 48 and 63 (including stylet of about 6 units) by 7 units, respectively. In 
female, segments 4-10 in the specimen measured from 13 by 10 to 16 by 8 units ; 
11-15 elongate, 11-14 sub-equal, about 47-50 by 6-7 units, 15 about 60 (including 
stylet of about 6 units) by 6 units. ‘The combined lengths of segments 11-15, 
4-10 and 3-10 approximately 256, 100 and 118 units, respectively. 

THORAX in female yellowish-brown with dark brown bands posteriorly at 
sides and in front of scutellum. In male almost uniformly yellowish-brown, 
without the dark bands found in female. Scutellum yellowish-brown, about 
same colour as anterior part of scutum ;_ bearing 6 bristles and about 10 small 
hairs. 

Wincs brownish (especially in female), unadorned. Macrotrichia absent 
in male ; in female numerous at tip in cells R,; and M, distal to level of end 
of costa, and along branches of M and Cu, but very few, if any, in cells My, 
and Cu, or in anal cell. Second radial cell nearly 5 times as long as first. Petiole 
of M nearly as long as cross-vein. Fork of Cu slightly distal to that of M. 
Branches of Cu form an acute angle. Anal angle not large as in A. acobsont. 
Halteres with white knobs. 

Lecs yellowish-brown, but tibiae, knees and apical halves of femora a 
deeper hue than the rest, and the last tarsal segment on all the legs conspicuously 
black. In the male the legs are much more clearly marked than in the females, 
the basal halves of the femora and the first four tarsal segments being yellowish, 
whereas the apical halves of the femora and the tibiae are darkish brown ; but 
the last tarsal segment is rather less dark than in the females. T.R. about 
2-1 or 2:2. 

ABDOMEN darkish brown. In female, tergites dark brown, narrowly paler 
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posteriorly, and with a small darker spot on each side of middle line at base 
and apex. ‘T’hese markings are not visible in the male. ‘Tip paler than rest. 
Spermatheca single, highly chitinized, apparently not pitted, oval, about 104, 
by 70 ; the duct chitinized for only a short distance, about 3-4n._ Hypopygium 
(fig. 2) of usual form. Ninth tergite with exceptionally long posterior extension. 








Fic. 2. Altrichopogon nigripes sp.nov.: hypopygium of male, ventral view. 


Ninth sternite deeply excavated in the middle line posteriorly ; bearing numerous 
bristles. Claspers short, each with a strong barb about the middle, and a highly 
chitinized, claw-like extremity. Aedeagus mainly membranous, of usual form, 
but the lateral lobes bear numerous flat scale-like bodies. Membrane joining 
aedeagus to ninth sternite not spiculate. 


Malaya: Pahang, Fraser’s Hill, 4,000-4,200 ft., 18.1.1930, 19, 26.12.1930, . 
12, and 30.5.1932, 12; Selangor, Bukit Kutu, ‘ at light,’ 3,500 ft., 16.3.1931, f 
1 J and 3,300 ft., 30.9.1932, 19 (H. M. Pendlebury). 
This insect is much darker than A. edwardsi, which also has the last tarsal 
segment of all the legs conspicuously black, and the wings bear fewer macro- 
trichia. The male differs rather notably from the females, e.g., in lacking the 
scutal adornment and in having legs more distinctly marked. It is included 
here largely because the fifth tarsal segments are blackish, but it is possible that 
it may belong to a different species. 


Atrichopogon discors sp.nov. 


A dark brown species with the wing-vein M sessile, and the legs yellowish, 
excepting the tibiae, and to a lesser extent the femora, of the hind legs, which 
are darkish brown in the middle. 

Q—Length of wing, 2:3-2-6 mm. ; greatest breadth of wing, about 0-8 mm. 

Heap dark brown. Eyes apparently bare ; contiguous above. Palpi pale, 
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yellowish : segment 3 a little inflated in middle, with deep pit ; 4 and 5 sub- 
equal, together about as long as 3. Antenna long, with torus and base of third 
segment yellowish-brown, and rest very dark brown: segments 4-10 longer 
than broad, in the specimen measured ranging from 19 by 10 to 21 by 9 units ; 
11-15 more elongate, 11-14 about 48-53 by 8 units, 15 about 67 (including 
stylet of about 6 units) by 8 units. ‘The combined lengths of segments 11-15, 
4-10 and 3-10 approximately 269, 133 and 156 units, respectively. 

THORAX dark brown, shining, the scutum as in other species dotted with 
dark spots (hardly visible in the dried insect) from which arise small brown 
hairs. No tubercle. Scutellum trilobed ; in the two specimens from Fraser’s 
Hill paler brown than scutum, bearing 4 bristles, and 6 small hairs. In the other 
specimen the scutellum is hardly, if at all, paler than scutum. 

WinGs brownish, unadorned. Macrotrichia numerous at tip distal to level 
of end of costa, and along whole lengths of branches of M and Cu; but none, 
or only a few, in cell M,, and none, or only one or two, in cubital and anal cells. 
Second radial cell about five times as long as first. M just sessile, the posterior 
branch arising almost at level of cross-vein. Branches of Cu forming an acute 
angle. Anal lobe normal. Halteres with whitish knobs. 

Lecs yellowish, the four anterior legs almost uniformly coloured, but the 
tibiae, and less distinctly the femora, of the hind legs darkish brown in the middle, 
and the terminal segments of all the tarsi somewhat infuscated as usual. Segments 
normal, not swollen, not armed. T.R. rather over 2-5. Empodium normal, 
large. 

ABDOMEN narrow, the tip curved downwards; dark brown, darker than 
scutum. Spermatheca single, highly chitinized, pitted, partly collapsed in the 
specimen examined, but apparently oval, and about 100u by 75y; the duct 
chitinized for a short distance, about 7p. 


Malaya: Pahang, Fraser’s Hill, 4,000—4,200 ft., 26.1.1929, 19 and 1.1.1930, 
19 (H. M. Pendlebury) ; Cameron’s Highlands, Tanah Rata, 4,800 ft., 29.1.1924, 
12 (M. R. Henderson). 


This species is peculiar in having the median vein of the wing definitely 
sessile. As it resembles an Atrichopogon in other respects, it is retained in that 


genus. 


Culicoides guttifer de Meij. 
Malaya: Negri Sembilan, Port Dickson, 22.2.1933, 19 (H. M. Pendlebury). 


Culicoides sumatrae sp.nov. 


Malaya: Selangor, Kuala Lumpur, ‘at light,’ 29.1.1924, 12 (H. M 


Pendlebury). 
This insect is apparently the female of the species recently described by me 
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from a male specimen collected in Sumatra for which I propose the name 
C. sumatrae. ‘The following details regarding the female may be added to the 
description of the male given elsewhere. 

Length of wing, 1-3 mm. Palpi very dark: segment 3 much inflated. 
Antennae darkish brown, torus darker than flagellum, segments 3-10 paler at 
base than at apex: segments 4-10 somewhat narrower anteriorly, from 11 by 
6 to 13 by 5 units ;_ 11-15 elongate, sub-cylindrical, sub-equal, about 17-22 by 
4-5 units, 15 longer, about 30 units, tapering at end. ‘The combined lengths of 
segments 11-15, 4-10 and 3-10 about 108, 90 and 104 units, respectively. Scutum 
with a broad median antero-posterior band somewhat paler than the sides. 
Scutellum uniformly dark brown, bearing the usual 4 bristles and a few small 
hairs. Wings with macrotrichia more numerous than in male, covering the 
greater part of the wing distal to the level of the end of the costa. Hind legs 
very dark, but tibiae narrowly yellowish at both base and apex. ‘T.R. 2. Sperma- 
thecae not examined. 


Culicoides gentilis sp.nov. 


A dark brown species of moderate size, resembling C. gymnopterus Edw. 
and C. nitens Edw., but differing as indicated below. 

—Length of wing, 1-9 mm. ; greatest breadth of wing, 0-8 mm. 

Heap very dark brown. Palpi very dark brown, long: segment 3 sub- 
cylindrical, without pit, but bearing sensory hairs scattered over greater part of 
inner surface ; lengths of last three segments in one specimen 44, 17 and 15 
units, respectively. Antennae darkish brown, segments 3-10 paler at base than 
at apex: segments 4-10 somewhat narrowed anteriorly, in one specimen from 
16 by 9 to 18 by 6 units; 11-15 elongate, sub-cylindrical, 11-14 successively 
longer, in the same specimen from 25 to 33 by about 5 units, 15 longer, about 
42 units, with tapering end. ‘The combined lengths of segments 11-15, 4-10 
and 3-10 about 156, 125 and 144 units, respectively. 

THORAX mainly dark or very dark brown, but with the usual broad scutal 
bands paler, yellowish. ‘These bands are obscured in the dried insect, the whole 
thorax appearing dark brown. Scutellum uniformly very dark brown ; bearing 
the usual 4 bristles and a few (4-5) small hairs. 

Wincs (fig. 3) yellowish, adorned with rather sharply defined pale spots. 
Venation much as usual, but costa extending about three-quarters length of 
wing, and radial cells united (cross-vein R, absent). Adornment as shown in 
the figure. Macrotrichia very scanty, a very few at tip, at periphery in cells 
R; and M,. Halteres with whitish knobs. 

Lrecs mainly dark brown. Four anterior legs with knees and adjacent 
portions (one third to one half) of femora and tibiae yellowish. Hind legs with 
femora dark brown excepting at extreme base where they are paler, yellowish ; 
tibiae yellowish, with a fairly broad dark brown band beyond middle. In 
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one specimen hind femora with in addition a narrow, yellowish, sub-apical 
band. ‘T.R. about 2. 

ABDOMEN dark brown. Spermathecae two, highly chitinized, oval but 
tapering towards duct, sub-equal, about 60p by 40x. 




















Fic. 3. Culicoides gentilis sp.nov.: diagram to show adornment of wing of female. 


Malaya: Perak, Larut Hills, 4,500 ft., ‘ at light,’ 21.2.1932, 299; and 
Pahang, Gunong ‘Tahan, 5,500 ft., ‘ at light,’ 6.1.1923, 19 (H. M. Pendlebury). 

This insect clearly resembles closely C. nitens Edw. (N. Borneo), but 
apparently may be distinguished by the following points : thorax not ‘ shining 
blackish,’ but adorned with broad yellowish bands; wings not ‘ devoid of 
macrotrichia,’ but with a few macrotrichia at tip ; and combined radial cell not 
‘uniformly narrow throughout its length,’ but decidedly broader at the distal 
end. It differs from C. gymnopterus Edw. (Sarawak), a somewhat smaller 
species, in that the tip of Ry,; extends just into the third dark costal area of 
the wing ; and in having the last five antennal segments together slightly longer 
than the basal eight (156 : 144), instead of only about three-quarters their 
length. 


Culicoides gemellus sp.nov. 


A small darkish brown species, resembling C. gymnopterus Edw., but 
differing as indicated below. 

O—Length of wing, 1:3 mm. ; greatest breadth of wing, 0-4 mm. 

Heap dark brown. Palpi darkish brown, rather long: segment 3 slightly 
longer than 4 and 5 together, a little inflated about middle, without pit, but 
bearing sensory hairs scattered sparsely over greater part of inner surface. 
Antennae darkish brown, segments 3-10 paler at base than at apex : segments 
4-10 somewhat narrowed anteriorly, from 12 by 7 to 14 by 5 units; 11-15 
elongate, sub-cylindrical, 11-14 sub-equal, 22-25 by 5 units, 15 longer, about 
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35 units, tapering, without stylet. ‘he combined lengths of segments 11-15, 
4-10 and 3-10 about 127, 95 and 110 units, respectively. 

THORAX rather dark brown, probably mottled when fresh. Scutellum 
uniformly rather dark brown ; bearing the usual four bristles and one or two 
small hairs. 








Fic. 4. Culicoides gemellus sp.nov.: diagram to show adornment of wing of female. 


Wincs slightly yellowish, adorned with pale areas. Venation much as 
usual, but costa extending nearly three-quarters of length of wing, and radial 
cells united (cross-vein R, absent). Adornment as shown in the figure (fig. 4), 
similar to that of C. gymnopterus, but with a number of small differences, the 
most notable of which are, perhaps, that the costa ends just in the dark area at 
the distal end of wing instead of in the pale spot proximal to it, and the pale 
spot in the middle of cell R; is rounded and does not reach anteriorly to the 
wing margin. Macrotrichia scanty, restricted to the periphery round the tip, 
but extending from near the end of costa to anterior part of cell M,, and a few 
present also at extremities of M,,,. | Halteres with pale, creamy knobs. 

Lecs mainly darkish brown, but knees yellowish. Hind legs with femora 
entirely dark brown ; tibiae yellowish, with a broad dark brown band beyond 
middle. T.R. about 2:3. 

ABDOMEN dark brown. Spermathecae not examined. 


North Borneo: near Sandakan, 8.7.1927, 19 (C. B. K. and H. M. P.). 

This species differs from C. gymnopterus Edw. (Sarawak) in the adornment 
of the wings as indicated above. ‘The same characters serve to differentiate it 
from C. klossi Edw. (North Borneo), which in these respects and in almost all 
others resembles C. gymnopterus, but has more numerous macrotrichia on the 
wings. 


Culicoides cordiger sp.nov. 


A dark brown species with characteristic adornment of the wings, and the 


fourth segments of the tarsi cordiform. 
O—Length of wing, 1-3 mm. ; greatest breadth of wing, 0-5 mm. 
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HEAD very dark brown. Eyes bare, narrowly separated above. Palpi very 
dark brown, short, third segment much inflated in middle and furnished with 
a large deep pit ; lengths of last three segments about 17, 6 and 8 units, respec- 
tively. Antennae very dark brown: segments 4-10 from oval to sub-spherical, 
measuring in one specimen from 9 by 7 to 7 by 8 units ; 11-15 elongate, 11-14 
sub-equal, about 20 by 7-8 units, 15 rather longer, about 29 by 6 units. The 
combined lengths of segments 11-15, 4-10 and 3-10 about 110, 56 and 68 units, 
respectively. 

THORAX very dark brown, blackish ; in some specimens with grey pruin- 
escence. Scutellum very dark brown, bearing 4 bristles and several (about 10) 
small hairs. 























Fic. 5. Culicoides cordiger sp.nov.: diagram to show adornment of wing of female. 


Wins (fig. 5) pale, adornment rather indistinct but of usual type, with two 
conspicuous dark spots, the one oblong, covering second radial cell and distal 
third of first, the other rounded, small, situated mid-way between M, and 
anterior border of wing a little distal to end of costa. Macrotrichia (not shown 
in figure) numerous over distal third of wing and in anal cell, but few between 
branches of Cu. Venation normal. Costa reaching about two-thirds length of 
wing. Both radial cells well formed, narrow. Halteres with dark brown knobs. 

Lecs dark brown, but basal quarters of hind tibiae paler, as are also to some 
extent the first three tarsal segments. Fourth tarsal segments of all legs cordiform. 
Claws small, normal. ‘T.R. about 2. 

ABDOMEN dark brown, not so dark as thorax. Spermathecae two, highly 
chitinized, sub-spherical, rather unequal in the specimen examined, their 
diameters about 52 and 44, respectively. 


Malaya: Negri Sembilan, Port Dickson, 17 and 22.2.1933, 799 (H. M. 
Pendlebury). 

This species belongs to the small group characterized by having the fourth 
tarsal segments cordiform (e.g. C. stigma (Mg.), C. parrot Kieff., C. cerdiformi- 
tarsis Cart., etc.), but differs from all the others in the greater adornment of 
the wings. 


(To be continued) 




















STUDIES ON BILHARZIA IN MAURITIUS* 


I. THE EXPERIMENTAL INFECTION OF BULINUS 
(PYRGOPHYSA) FORSKALI WITH SCHISTOSOMA 
HAEMATOBIUM 


BY 
A. R. D. ADAMS, M.D. 


(Received for publication 15 May, 1934) 


Urinary bilharzia has been known to exist for many years in Mauritius, and 
search for the terminal-spined eggs has been a routine clinical procedure since 
the presence of the parasite and the method of its recognition has been realized. 
In spite of the very considerable prevalence of the infection among agricultural 
labourers, dhobies, and more especially among children who make a practice 
of bathing in the local canals and streams during the hotter months of the year, 
it is a striking fact that firstly the adult worms have never been recovered from 
man in Mauritius, and secondly that the local molluscan hosts of the parasite 
are unknown, and, consequently, that the developmental and infective larval 
forms also have never been seen. ‘This latter is all the more remarkable in that 
for at least 20 years research has continued almost without remission on the 
problem of the snail intermediaries and has been marked by a complete lack of 
success, in spite of the dissection of many thousands of ‘ molluscs ’ by a number 
of different local workers in sundry parts of the island. 


THE IDENTIFICATION OF LOCAL FRESH-WATER SNAILS 


During 1933 it was decided to enter the lists in the search for the local 
intermediate hosts of the parasite, presumably Schistosoma haematobium, and as 
a first step to collect and identify the commoner local fresh-water snails. A 
collection was therefore made and forwarded to the British Museum, where 
Major Connolly very kindly identified the components of the collection and 
returned named specimens of each species. His report ‘is based on ‘‘ Faune 
Malacologique des Iles Mascareignes ” by Dr. L. Germain, Paris, 1921, and most 
of the synonymy, etc., is in accordance with his opinions expressed in that 
publication.’ 

The following snails, among those collected and identified, were deemed 
worthy of careful study ; and attention was more particularly focussed on them 
for a start :— 

Lymnaeidae. 

Lymnaea mauritiana (Morel). 

Physidae. 

Physa borbonica Fer. 


* From the Bacteriological Laboratory, Medical and Health Department, Mauritius. 
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Planorbidae. 
Planorbinae. 
Gyraulus mauritianus (Morel). 
Bulininae. 
Bulinus (Pyrgophysa) forskali (Ehrn.) (= cernica Morel). 
Melaniidae. 
Melanotdes tuberculata (Miill.). 


THE ATTRACTION EXERTED BY VARIOUS SPECIES OF SNAILS 
ON THE FRESHLY-HATCHED MIRACIDIA 


A few specimens of each of a number of species of snails, including all 
those mentioned above, were placed in a petri-dish in water containing a number 
of vigorous, freshly-hatched miracidia obtained from the terminal-spined eggs 
passed in the urine of an Indian boy suffering from severe manifestations of the 
disease. ‘The majority of the miracidia were observed immediately to attack 
energetically specimens of Bulinus (Pyrgophysa) forskali, while but an odd 
miracidium appeared temporarily interested in the other species of snails in 
the dish. Repetition of the experiment on numerous occasions resulted in 
similar observations ; the forskali were invariably most vigorously attacked, 
while the other snails present received but scant attention when forskali were 
present in the same water. During long periods of watching exceptionally few 
miracidia were seen to make any determined efforts to penetrate the tentacles 
of this particular species, but they were observed to confine their attentions to 
the fronts of the heads and to the feet, and they were seen to enter the shell- 
openings and attach themselves to the soft parts inside the shells. ‘Two B. forskali 
put in a petri-dish in water containing a very large number of freshly-hatched 
miracidia were observed carefully for some time. ‘The miracidia attached 
themselves to the fronts of their heads and round about the sites of origin of 
the tentacles, along the sides, to the dorsal surfaces and, when the snails were 
rolled on their backs, to the soles of the feet ; and, while the snails were in this 
latter position, large numbers could be seen boring into the mantle and other 
soft parts inside the shells. “These two particular snails, indeed, were so vigor- 
ously assaulted by the larvae as to be literally covered with them, and both snails 
rapidly became moribund and died in a few hours. Seven further snails of the 
same species were subjected to a similar course of treatment, and were likewise 
observed to be overwhelmed by a massed attack of miracidia; only one of the 
seven was alive the following day, while four control snails, placed in another 
dish containing water with the addition of some uninfected urine, were all 
perfectly healthy and crawling about in a normal manner the next morning. 
The urine used in these experiments was estimated, by counts in a Nageotte 
chamber, to contain from 1,500 to 2,500 terminal-spined ova per c.cm., and the 
miracidia obtained by centrifuging down and hatching out as many eggs as 
could be obtained from about 10 c.cm. of urine were allowed to come in contact 
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with the snails in each experiment ; thus probably from 10,000 to 20,000 mira- 
cidia were involved in the attacks on the molluscs in each experiment, numbers 
very greatly exceeding those that would normally be encountered under natural 
conditions. 





THE PENETRATION OF THE MIRACIDIA INTO THE SNAILS 


Serial sections of a number of specimens of B. forskali, killed and fixed in 
hot formalin or Zenker about half-an-hour after being put into water heavily 
infested with miracidia, were made. ‘These sections showed the presence of 
enormous numbers of the recently-penetrated larvae in the feet, heads and, 
seemingly, every other accessible portion of the bodies of the snails. As many 
as 30 odd miracidia were to be seen in certain sections in a single field (Zeiss 
16 mm. obj.; no. 6 Kompens oc.), and these were found to be imbedded in 
the various parts at varying depths from the surface of the animal. The structure 
of some of the miracidia could be discerned extraordinarily clearly, and the 
larvae apparently were nearly all situated in vacuole-like compartments, and had 
not yet shed their cilia. ‘There was, therefore, no remaining doubt that the 
larvae had indeed gained admittance to the bodies of the molluscs in large 
numbers, and that they had confined their efforts to do so to no one particular 
site in preference to a number of others ; and it is worthy of note that no larvae 
were observed actually in the tentacles of the snails sectioned. 





THE EXPOSURE TO INFESTATION OF SNAILS OF DIFFERENT 
SPECIES AND THE DEVELOPMENT OF SPOROCYSTS AND 


CERCARIAE IN (B. Pyrgophysa) forskali 


(a) In vitro experiments 
Infection experiments were next attempted on a larger scale im vitro; a 
collection of all those species of snails that might possibly be regarded as suitable e 
hosts was made, and about 200 of each were placed in clean water in a large 
glass vessel ; infected urine from the case already used in the previous experi- 
ments was added to this vessel and it was then left to stand overnight. ‘The 
presence in the urine of viable eggs in large numbers had been ascertained before 
it was added to the jar. The following morning the snails were removed and 
put in iron tanks so constructed that a constant supply of fresh, running water 
flowed through them, and some water-weeds and stones covered with algid 
growths were added as a food supply. While some specimens of each species 
of snail died within a few days, it was noticed that the mortality among the | 
forskali, both in these infected tanks and in clean control tanks, was much } 
greater than that among the other species present ; by the end of three weeks 
no forskali at all survived in the infected tanks, and but few in the control tanks, 
while the majority of the snails of other species were still flourishing. Numbers 
of these survivors of the other species were dissected after the end of the three- 
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week period but no furcocercous cercariae of any type were found in them, 
although the great bulk of the Lymnaea and Melanoides were found to be infested 
with sporocysts, rediae and encysted cercariae of other species of trematodes. 
Some of these developmental forms were seen to conform broadly to the types 
described by Momplé (1929) and called by him Cercariae Mauritianae nos. I 
to VII. Repetitions of this experiment with many modifications, but under 
broadly similar conditions, were terminated with a like result; whether the 
snails were exposed to light infection or heavy with the miracidia the forskali 
died in a relatively short time im vitro, while the other species survived for 
comparatively lengthy periods, and, on dissection after periods ranging from 
three to four weeks upwards, neither characteristic sporocysts nor cercariae 
could be found in them. 

It therefore became abundantly clear that under purely laboratory condi- 
tions, 77 vitro, the longevity of B. (Pyrgophysa) forskali was so short that it was 
impossible to bring infection experiments to a satisfactory conclusion under 
these conditions, and that other methods would have to be devised to attain the 
desired end. 


(b) Experiments under natural conditions 

Along the outside of the laboratory runs a gently-sloping concrete drainage 
channel for water from the roof of the building. ‘This channel is about seven 
inches in diameter and is roughly semi-circular in cross-section. ‘There is a tap 
at ground-level and about four feet from the upper end of the channel ; the other 
end eventually leads to an absorption-pit. ‘The tap is supplied with clean water 
direct from the mains—a filtered, stored supply—and, as is almost invariably 
the case where native servants are employed, is usually dripping ; the result is 
that there is a small growth of algae and of the smaller water-weeds at the upper 
end of the channel immediately around the tap ; the remainder of the canal is 
generally dry. It seemed that if the tap were allowed to run continuously, and 
if a few stones were put into the channel here and there, a very fair approximation 
to the conditions obtaining in the numerous small concrete irrigation canals to 
be found throughout the island would be rapidly obtained. It was from such 
canals that the forskali had originally been collected. ‘This was accordingly 
done, and the channel was soon lined with a green growth, some silt appeared 
in the bottom, and there was a gentle stream of clean, running water to a depth 
of three or four inches ; the conditions then appeared exactly similar, on a small 
scale, to those found in the field throughout the island. 

After preliminary dissection of 20 or 30 of each of a number of species of 
snail, with negative results in so far as the presence of bifid-tailed cercariae was 
concerned, about 400 of each of a number of these species were placed in a large 
glass jar in clean tap-water. ‘To this vessel was added some urine from the case 
already utilized (after it had been ascertained that there were still plenty of viable 
eggs), and the vessel was allowed to stand overnight. In the morning the snails 
were divided into two approximately equal portions ; 200 of each species were 
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placed in the channel referred to above, and the remainder into iron and glass 
tanks supplied with constantly running water inside the laboratory. As a 
measure likely to make the canal even more closely resemble field conditions, 
and also to ensure that there was a plentiful opportunity for the contained 
snails to become infected, the infected boy was instructed to urinate daily into 
it for one week. 

On the 32nd day from the original exposure to infestation im vitro, all the 
forskali in the tanks in the laboratory were dead, as had been anticipated from 
previous experiments, but those remaining in the channel were apparently 
thriving ; and eggs and young snails of several species were found in large 
numbers in this canal. Six snails of each species introduced were taken at 
random from the canal and dissected. While all the species of snails other than 
forskali were negative, in so far as the presence of bifid-tailed cercariae was con- 
cerned, each of the six forskali was found to contain sporocysts full of furco- 
cercous cercariae. From this time onward living snails of each species were 
removed daily and put for some hours into clean water in test-tubes ;_ bifid- 
tailed cercariae were seen to emerge from every specimen of forskali so examined, 
but none was recovered from specimens of any of the other species of snail, 
including L. mauritiana, P. borbonica, G. mauritianus and M., tuberculata, while 
numbers of these were dissected with consistently negative findings. In the 
ensuing 8 days, another 64 forskali were removed from the canal and dissected ; 
all of these were likewise found to be heavily infested with similar sporocysts 
and cercariae. A cyclonic storm about this time, accompanied by the usual 
torrential rain, swept the canal and washed away many of the surviving snails, 
but there is no doubt that before this disturbance many more forskali remained 
alive in it. 

The canal was now swept clean and a further batch of forskali, several 
hundreds in number, was infected zm vitro and introduced. At the end of 28 
days a few of these were seen to be giving off bifid-tailed cercariae, and by the 
33rd day 15 of 20 snails selected at random were infective, giving off cercariae 
freely and in large numbers. ‘Thirty specimens actually dissected were found 
heavily infested with sporocysts and cercariae like those already observed in the 
earlier experiment ; but, as it was desired to utilize these snails for animal 
infection experiments, no more were killed for dissection ; and after obtaining 
cercariae they were returned to the channel for further use later. 

In short, 100 forskali selected at random and dissected were all infested with 
characteristic sporocysts and cercariae; and in addition to these specimens 
actually dissected a large number of other snails of the same species were found 
to be emitting infective larvae. Dissection of about 50 specimens of each of the 
other species of snail exposed to the same treatment failed to reveal any such 
infestation. Control dissection of all types of snail had not shown the presence 
of the infection before the experiments had been commenced. 











200 


THE STRUCTURE OF THE FURCOCERCOUS CERCARIAE 


Examination of many cercariae removed from the livers of infested B. (Pyrgo- 
physa) forskali showed that these larvae possessed the morphology characteristic 
of the human schistosome cercariae. ‘They were roughly 0°6 mm. in length in 
a living extended position; the cuticle was furnished with rows of minute 
spines ; the anterior blind sucker was surrounded by a number of small papilla- 
like projections ; and the posterior sucker, smaller in size, was situated in the 
posterior quarter of the body ; there was no muscular pharynx ; the charac- 
teristic cephalic, or salivary-mucin, glands and their prominent ducts could be 
readily seen ; and, in the living state, the movements of the larvae conformed 
to those described in the various published descriptions of sundry workers. 
These details of structure were best studied in the living state ; and the addition 
of fresh human serum to lessen the activity of the larvae and to clear them to 
some extent, as recommended by Archibald and Marshall (1931), was found 
greatly to assist in determining details of morphology. Attempts were made to 
elaborate the observations by vital staining with weak solutions (1/200) of 
Leishman ; also by fixation in lacto-phenol and subsequent staining with 
haematoxylin or borax-carmine ; but these efforts were unattended with any 
great success, and study of the living organisms revealed more morphological 
detail and yielded more information than did any of the attempted staining 
methods. 

From a consideration of the above recorded facts (viz. :—the absence of 
any infestation that could be attributed to the schistosome worms in any snails 
examined on arrival at the laboratory from the field ; the consistent presence 
of such an infestation in all Bulinus forskali examined four weeks after exposure 
to attack by viable miracidia hatched from eggs in the laboratory ; and the fact 
that the detailed morphology of the resulting cercariae is that of the human 
urinary schistosome worm), there seems to be little room for reasonable doubt 
that B. (Pyrgophysa) forskali can readily be infected with the local schistosome 
worm, and that it constitutes at least one readily-available host, and, probably, 
that it is the only host in the island of any practical importance. ‘That the disease 
in the urinary form occurs in Mauritius only, of the Mascareigne group of 
islands, is a significant fact, as this particular snail is confined to this island of 
the group. Rectal bilharzia occurs in Madagascar, but does not occur here ; 
at the moment that form of the disease is outside the scope of this paper. 
Generally-speaking the molluscan populations of the various islands vary but 
slightly from one island to another, but in regard to the rectal form of the disease 
it is of interest to note that only one of the two species of Planorbid snails found 
in the group is indigenous to Mauritius, and that the rectal form of the disease 
does not occur here. 
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Bulinus (Pypgophysa) forskkah—1TS DISTRIBUTION, AND 
OBSERVATIONS ON ITS ROLE AS VECTOR ELSEWHERE 
Bulinus (Pyrgophysa) forskai Ehrenberg according to Germain (1921) 

‘est une espéce tout a fait étrangére a la faune de l’ile Maurice. II est probable 
qu’elle a été importée d’Afrique—out elle est fort répandue—avec les marchan- 
dises.’ ‘The snail does not appear to have found its way into the other islands 
of the Mascareigne group. Leiper (1915) observed in Egypt that Pyrgophysa 
forskali was one of those snails that exhibited a definite attraction on the freshly- 
hatched miracidia of bilharzia, but gives no indication in his papers that he ever 
found these molluscs naturally infected or that he was able to infect them experi- 
mentally. Manson-Bahr and Fairley (1920) list ‘ B. contortus, B. dybowski, and 
B. innest’ as intermediary hosts of Schistosoma haematobium, and failed to infect 
Physa subopaca with the miracidia in the Canal Zone ; beyond mentioning that 
‘ Bullinus forskah’ is difficult to differentiate from the above-mentioned species 
of Bulinus, they do not mention it as a vector. A group of authors, including 
the above-mentioned two, in Byam and Archibald’s ‘ Practice of Medicine in 
the Tropics ’ do not list this snail as a host, but give a drawing of it as an example 
of one of the Egyptian fresh-water molluscs. In their Table showing the differ- 
ential characters of the three species of human schistosomes they list it as a 
possible but doubtful molluscan host, among the other snails usually quoted and 
belonging to the genus Bulinus. It may here be noted that the snails of this 
particular species found in Mauritius do not at all closely resemble that in the 
diagrammatic representation referred to above, but are considerably broader in 
proportion to their length. Cawston (1924a) reports Istdora forskali as being 
widely-distributed in South Africz, and again (19246), referring to snails found 
in South African waters, says: ‘ First in importance is [sidora forskali whose 
shell is about the size of Limnaea truncatula but dextral,’* and he goes on to 
refer to it as ‘ this common fresh-water snail.’ ‘This snail, seemingly, has not 
been implicated as a host of S. haematobium in South Africa. 

Ingram (1924), referring to possible intermediate hosts of S. haematobium 
in the Gold Coast Colony, states that three species of snails were usually to be 
found in bathing-pools and that these were identified by Major Connolly as 
Isidora forskali, Physa waterloti and Physopsis globosa; the first of these was 
much rarer than the other two; about this time the last of the three was shown 
by Blacklock (1924) to be an intermediary of the parasite in Sierra Leone ; and 
Ingram himself found 1°2 per cent. of ‘ newly-arrived ’ specimens of this latter 
species to contain furcocercous cercariae. He exposed all three species to 
infection by miracidia of S. haematobium and found a high percentage of survivors 
of P. globosa to contain similar cercariae, but obtained none at all from the other 
species on dissection after a period of a month or five weeks from the initial 
exposure to infection. 





* My italics. Presumably from the context and reference to Limnaea ‘ dextral’ is an 
error and ‘ sinistral ’ was intended. 
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Dye investigated human schistosomiasis in Nyasaland, and records the names 
of the snails indigenous to this part of Africa. Among these occurs the name of 
Isidora forskali Ehrenberg. He states that Physopsis globosa and Melania nodo- 
cincta showed themselves attractive to the miracidia of S. haematobium, and the 
latter of these two, he says, was successfully infested experimentally with fork- 
tailed cercariae ; he adds that ‘all the other species, including Planorbis sp. 
near Sudanicus proved negative to repeated experiments.’ Haslam (1929) gives 
a list of the snail hosts of the various human schistosomes, but does not refer 
to forskali, although he mentions the usual three species of Bulinus cited as 
vectors. Faust (193()) in the list at the end of his book of the molluscan inter- 
mediate hosts of the trematodes gives Bulinus (Pyrgophysa) forskali as a host of 
S. haematobium, but he does not refer to it in the text, although he there lists the 
other commonly-referred to species of Bulinus found in Egypt which have been 
incriminated by Leiper and subsequent workers. Kirk (1931) gives a list of the 
known intermediate hosts of the schistosome worms of man, but fails to include 
this species among them. 

Baylis (1931) discusses the nomenclature of the various molluscs known, 
or suspected, to be the snail hosts of the human schistosomes, but although he 
states that B. truncatus is the correct name of the Egyptian Bulinoid hosts, and 
specifies ‘ contortus, dybowski, innest, etc.’ as synonyms, he does not specifically 
refer to B. forskali at all in the whole of his paper, but quotes Annandale (1922) 
to the effect that in the latter’s opinion ‘ all the Bullininae of Western Asia and 
North Africa (except perhaps B. raymondianus) belong to one species.’ Bequaert 
(1928) on the other hand, before giving a list of the genera and species of the 
subfamily Bulininae, states that ‘ Annandale (1922) regards Bulinus brocchit, 
B. shakot, B. contortus, and B. innesi as synonyms of Bulinus truncatus (Audouin).’ 
In his list of the species of Bulinus Bequaert includes ‘ Bulinus (Pyrgophysa) 
forskalii,’ and mentions its distribution as being ‘ Egypt and tropical Africa.’ 
Unfortunately Annandale’s paper is not available for me to study in the original ; 
but, accepting Major Connolly’s nomenclature of the specimens sent to him by 
me from Mauritius, it would appear that malacologists have not, as yet, accepted 
what appears to me to be Baylis’s interpretation of Annandale’s views on the 
synonymy of one at least of the recorded species of Bulinus, and that they still 
regard forskali as a distinct and recognizable subgenus and species of the genus 
Bulinus. That this is the case is borne out by Lefrou (1933), who reports the 
occurrence of B. dybowskyi in Senegal, and goes on to say that he has been into 
the question of the species of Bulinus found in North Africa with Germain in 
Paris ; he states that this genus may be divided into two subgenera, I[sidora 
Ehrenberg and Pyrgophysa Crosse, 1879. He says that B. (Isidora) dybowskyi 
and B. (Isidora) innesi are regarded by Germain as but varieties of B. ([stdora) 
contortus, and the same authority evidently regards B. (Isidora) tropicus as a 
distinct species of this subgenus. Lefrou mentions but a single species of the 
subgenus Pyrgophysa, namely forskali, and of this species says: ‘ Ce Bullinus 
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habite toute |’Afrique australe et tropicale, mais jusqu’a présent, il n’a pas été 
signalé comme servant d’héte intermédiaire a des trématodes parasites de 
homme.’ 

It would therefore seem that the present is the first occasion on which 
B. (Pyrgophysa) forskali has been definitely and clearly demonstrated to act as 
an intermediary of Schistosoma haematobium, and it is probable that if it will 
act so readily as a vector here in Mauritius it may equally well do so in other 
parts of the world where schistosomiasis, due to S. haematobium, is endemic and 
where the snail is indigenous in the same localities. 

Animal infection experiments are at present in progress, and the results 
will be published in a later communication in this series. 

I am greatly indebted to the Director of the Medical and Health Department, 
Dr. J. Balfour Kirk, for his unfailing interest and for the facilities he has afforded 
me in the conduct of this investigation ; also to my scientific assistant, Mr. 
Lewis Webb, for his ungrudging and cheerful assistance during the execution 
of much arduous work. 


SUMMARY 


1. Urinary bilharzia, associated with the passage of terminal-spined ova, 
has been known for many years in Mauritius. Neither the adult worms nor the 
extra-vertebrate larval developmental forms of the worm have ever been recovered 
in the island. ‘The local molluscan hosts have hitherto been unknown. 

2. Asa preliminary to rectifying these deficiencies in knowledge, a collection 
of the local fresh-water snails was made and submitted to the British Museum 
for identification and the return of named specimens. ‘The names of those 
snails thought likely to serve as intermediate hosts for the schistosome worms 
of man are given. 

3. Of all the species of snails exposed to the attack of freshly-hatched 
miracidia of terminal-spined eggs Bulinus (Pyrgophysa) forskali alone exhibited 
a powerful attractive action on the larvae. 

4. Numbers of specimens of this species of snail were actually killed when 
exposed to massive attack by large numbers of miracidia. Sections revealed the 
fact that enormous numbers of miracidia had actually gained entrance into their 
bodies. 

5. The miracidia did not appear to select the tentacles particularly as the 
site of admission into the bodies of the snails, but bored into every available 
area both inside the shell and outside. In sections of a number of snails the 
tentacles contained but very few miracidia. 

6. Considerable difficulty was encountered in conducting further experi- 
ments owing to the shortness of life of B. forskali in vitro under laboratory con- 
ditions, both when exposed to infection and also in control experiments in clean 
vessels. 

7. This trouble was overcome by constructing an artificial canal in the open, 
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which closely resembled actual conditions in the field, and all species of snails 
throve and multiplied in this canal. 

8. Large numbers of each of a number of species of snails were introduced 
into the canal after exposure to experimental infestation im vitro. After a period 
of about four weeks some of each species were dissected ; all the forskali con- 
tained sporocysts and furcocercous cercariae, while none of the other snails 
contained any. 

9. One hundred B. (Pyrgophysa) forskali were actually dissected, and every 
one of these was infested with characteristic bifid-tailed cercariae. In addition 
to those dissected, a large number were studied while alive in vitro, and the 
majority of these were seen to give off similar cercariae. 

10. ‘The morphology of the cercariae was that characteristic of those stages 
of the human schistosomes. 

11. In view of the consistently negative findings on examination of all 
species of snails on arrival at the laboratory, the fact that miracidia from terminal- 
spined ova from a human source were shown by stained sections to penetrate 
into B. forskal, and the further fact that 100 per cent. of those snails of this 
species, dissected after exposure to infestation four weeks previously, contained 
cercariae of the characteristic type, it is concluded that this snail readily acts as 
an intermediate host for S. haematobium in Mauritius. 

12. Bulinus (Pyrgophysa) forskal is found in Mauritius alone of the islands 
of the Mascareigne group. It has probably been introduced here from Africa 
where it is wide-spread. Urinary schistosomiasis occurs in Mauritius alone of 
these islands. 

13. This would appear to be the first occasion on which this snail has been 
shown conclusively to act as a host for the human schistosome worms. 
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INTRODUCTION 


The blow-flies of the genus Calliphora are found in all the zoological regions 
of the world, and are of considerable economic importance. Although as a 
rule they are not specific myiasis-producing flies, the majority normally laying 
their eggs in decomposing animal matter and in liquid human faeces, the brownish 
species of Australia commonly lay their eggs in the tissues of sheep. Most of 
the species enter human dwellings and are a common source of worry and 
annoyance to the housewife. 

In this genus, as in Lucilia and Chrysomyia, there are no adequate descrip- 
tions and illustrations of the terminalia of the species ; and we therefore propose 
filling in this hiatus by describing and illustrating them in a series of papers. 
As in Lucilia and Chrysomyia, we shall describe the main terminalic characters 
as briefly as possible, supplementing the descriptions with numerous illustrations 
which have been drawn to the same scale as those of the species of the two 
genera mentioned. As the segmentation of the abdomen in Calliphora is similar 
(except for minor details) to that of Lucilia, we shall not describe it ; the reader 
should refer to the description of the segmentation of the male abdomen of 
L. caesar (vol. 28, p. 111). We should like again to appeal to those 
who have opportunities of helping us with specimens of species of this genus 
from their localities ; some of the species are, we know, difficult to obtain, and 
we have in some cases at present insufficient material. 
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Fic. 1. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallo- 
some of erythrocephala (Great Britain). 


SHORT DESCRIPTION OF THE MALE TERMINALIA OF SPECIES 
OF CALLIPHORA (sens. lat.) 


Calliphora erythrocephala Meigen. SALIENT DIAGNOSTIC CHARACTERS OF 
MALE TERMINALIA. Figs. 1; 2; 3; 4. Scierires. Sternum 5 as in fig. 4, 
b,k. ‘Tergum 6 is a long narrow plate not extending laterally ; a small detached 
part is attached to the dorso-lateral edge of tergum 7, and bears spiracle 6 
(fig. 1). Sternum 6 is asymmetrical, failing to reach tergum 7 on the right ; 
it has a deep, long flange on the left side (fig. 1). ‘Tergum 7 is well developed 
and bears spiracle 7 (fig. 1). Ninth Tergo-sternum. Fig. 3, a, b. Very variable 
in structure. Tergum 10 is long and deep (fig. 1; 2, e). 

APPENDAGES. Ninth Coxite. Distal Segment. Ventral view. Fig. 2, c. 
Long, broadly expanded, end rounded and turned inwards. Lateral view as in 
fig. 2, a. Proximal Segment. Lateral view. Fig. 2, a. A long stout rod joined 
to its fellow by membrane which is always chitinized at its upper end, against 
which the posterior process of the phallosome lies. Anal Cercus. Ventral view. 
Fig. 2, c. Long pointed rod closely applied to its fellow, to which it is joined 
for about half its length ; posterior part free in membrane and bluntly rounded. 
Lateral view as in fig. 2, a. Phallosome. Lateral view. Fig. 4, a. Long, stout 
and structurally similar to that of Lucilia ; end of struts expanded and minutely 
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serrated along straight border (fig. 4, ec); membraneous spined ridge well 
developed ; distal part bearing ejaculatory duct broad and with spined plate. 
Posterior Process of Phallosome. Fig. 4, a. Long, stout and narrowing apically. 
Sperm Pump Sclerite. Fig. 4, a,i,7,m. Fan-shaped, rather small but variable. 





Fic. 2. a.—Lateral view of ninth coxite and anal cercus of erythrocephala; b.—Same of 
vomitoria ; c.—Ventral view of distal segments of ninth coxites and anal cerci of erythrocephala ; 
d.—Same of vomitoria ; e.—Tenth tergum with ninth coxite and anal cercus of erythrocephala in 
side view ; f.—Same of vomitoria showing marked prominence of anterior border of tenth tergum 
near its articulation with side of ninth tergo-sternum (British specimens). 


Apodeme of Phallosome. Fig. 4, a. Long and stout as seen in side view. Para- 
meres. Lateral view. Anterior Part. Fig. 4, a, f, g. A long, bent, bluntly- 
pointed plate flattened laterally and closely applied to side of phallosome as shown 
in fig. 4, a, and structurally much as in Lucilia, armed with 4-5 long stout 
bristles (one apical) along posterior border ; postero-dorsal end long. Posterior 
Part. Fig. 4, a, c,d,h,l. A long, stout, bent rod with usual sensory spines and a 
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long basal bristle. Specimens from the United States of America and Canada 


exhibit identical terminalic characters. No specimens from Australia have been 
examined. 





Fic. 3. a.—Ninth tergo-sternum of erythrocephala ; b.—another of same ; note the differences 
in size (bred specimens, Liverpool); c.—Ninth tergo-sternum of vomitoria showing similar 
differences (caught specimens, British). 


Calliphora vomitoria L. SALIENT DIAGNosTIC CHARACTERS OF MALE 
TERMINALIA. Figs.2; 3; 5; 6. SCLERITES. Sternum 5 as in fig. 6, b. Tergum 
6 long and narrow, with a small torpedo-shaped detached part in membrane 
bearing spiracle 6 (fig. 5). Sternum 6 is asymmetrical with a long ventral flange 
(fig. 5). Tergum 7 long and wide bearing spiracle 7 (fig. 5). Ninth Tergo- 
Sternum. Fig. 3, c, d. Very variable in structure and of no use as a dignostic 
character. ‘Tergum 10. Figs. 2, f; 5. Long and wide anterior margin near 
point of insertion into notch on ninth tergo-sternum bent forwards (fig. 2, f). 

APPENDAGES. Ninth Coxite. Distal Segment. Ventral view. Fig. 2, d. 
Very long, narrowly expanded, end rounded and turned inwards. Lateral view 
as in fig. 2, b. Proximal Segment. Lateral view. Fig. 2, b. <A long stout rod, 
united to its fellow as in erythrocephala with chitinization. Anal Cercus. Ventral 
view. Fig. 2,d. Very long (almost as long as distal segment of ninth coxite), 
narrowing distally and ending in a bluntly rounded point; distal part rather 



































Fic. 4. a.—Phallosome, pump sclerite and one paramere of erythrocephala in side view (Great 
Britain) ; 6.—Fifth sternum of same (U.S.A.) ; c.—Left posterior paramere of same (Great Britain) ; 
d.—Right posterior paramere of same (U.S.A.) ; e.—end of strut of same enlarged (Great Britain) ; 
f.—Right anterior paramere of same (Great Britain) ; g.—Right anterior paramere of same (U.S.A.) ; 
h.—Left posterior paramere of same (U.S.A.) ; 1.—Sperm pump sclerite of same (U.S.A.) ; j.— 
Another of same (U.S.A.) ; k.—Fifth sternum of same (Great Britain) ; /—Right posterior para- 
mere of same (Great Britain) ; m.—Sperm pump sclerite of same (U.S.A.). 
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short and broad ; about distal three quarters free. Lateral view as in fig. 2, 6. 
Phallosome. Lateral view. Fig. 6, a. Long and middle part rather wide ; 
strut ending in rather long narrow expansion; distal part relatively long and 
broad. Posterior Process of Phallosome. Fig. 6, a. Well developed. Sperm 
Pump Sclerite. Fig. 6, a, h. As in erythrocephala (variable). Apodeme of 
Phallosome. Fig. 6, a. Long stout rod as seen in side view (variable). Para- 
meres. lateral view. Anterior Part. Fig. 6, a, f. Very similar to that of 
erythrocephala—if anything, end slightly wider ; bearing 5-6 long (often very 
long) stout bristles (one apical) on posterior border. Posterior Part. Lateral 
view. Fig. 6, c, 2,7. A stout rod dilated distally (club-shaped) with the usual 
sensory spines ; basal bristle not well developed and often replaced by a short 
spine. 

Var. nigribarba Shannon. We have examined critically the terminalia of two 
specimens of this variety from the United States and can find no differences 
worthy of comment. 





Fic. 5. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallo- 
some of vomitoria (Great Britain). 
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Calliphora coloradensis Hough. SALIENT DIAGNOSTIC CHARACTERS OF 
Mate TERMINALIA. Figs. 7; 8; 9. Sternum 5 as in fig. 9, 6. ‘Tergum 6 
a narrow plate not extending laterally and without any detached part ; spiracle 6 


























Fic. 6. a.—Phallosome, pump sclerite and one paramere of vomitoria L., in side view (Great 
Britain) ; 6.—Fifth sternum of same (Great Britain) ; c.—Left posterior paramere of same (Great 
Britain) ; d.—Fifth sternum of var. nigribarba Shn. (U.S.A.) ; e.—End of strut of vomitoria L., 
enlarged (Great Britain) ; f.—Right anterior paramere of same (Great Britain) ; g.—Right anterior 
paramere of var. nigribarba Shn. (U.S.A.) ; 4.—Sperm pump sclerite of same (U.S.A.) ; 7.—Right 
posterior paramere of same (U.S.A.) ; 7.—Right posterior paramere of vomitoria L. (Great Britain). 
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located in the membrane (fig. 7). Tergum 7 long and rather narrow anteriorly, 
bearing spiracle 7 (fig. 7). Ninth Tergo-Sternum. Very variable, much as in 
two previous species. 'Tergum 10 long, anterior border rounded and long (fig. 7). 

APPENDAGES. Ninth Coxite. Distal Segment. Ventral view. Fig. 8, d. 
Long, expanded (intermediate between erythrocephala and vomitoria), end 
rounded and turned inwards. Lateral view as in fig. 8, b. Proximal Segment. 
Lateral view. Fig. 8, 6. A long stout rod joined to its fellow by chitinized 
membrane. Anal Cercus. Ventral view. Fig. 8, d. Long, narrowing, end 
bluntly pointed, turning upwards and hooked, closely applied to its fellow ; 
about distal fourth free. Lateral view as in fig. 8, 6, which shows the hooked end. 





Fic. 7. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallo- 
some of coloradensis (U.S.A.). 


Phallosome. Lateral view. Fig. 9, a. Very similar to that of two previous 
species, spined membraneous ridge rather narrower ; distal end of strut long 
and well serrated (fig. 9, e). Distal part of phallosome long and rather narrow. 
Posterior Process of Phallosome. Fig. 9, a. Much as in two previous species. 
Sperm Pump Sclerite. Fig. 9, a. Much as in other species. Apodeme of Phallo- 
some. Fig. 9, a. Rather short and narrow when seen in side view (variable). 
Parameres. Wateral view. Anterior Part. Fig. 9, a, f, h, 1. Very similar to 
those of the two previous species, but perhaps more bent, bearing 5-7 long, 
often stout, bristles (as in figs.) Posterior Part. Fig. 9, a, c, d, g. A rather 
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variable bent rod with usual spines and most commonly with a rather slender, 
long, basal bristle (it may be replaced by a short spine, fig. 9, d) ; end of part 
with microscopic hairs. 





Fic. 8. a.—Ninth coxite and anal cercus of viridescens in side view (U.S.A.) ; note pointed 
upturned end of distal segment of ninth coxite when seen in side view ; 6.—same of coloradensis 
(U.S.A.) ; c.—Ventral view of distal segments of ninth coxites and anal cerci of viridescens (U.S.A.) ; 
note ledge on inner side of distal segment of ninth coxite ; d.—Ventral view of distal segments Of 
ninth coxites and anal cerci of coloradensis (U.S.A.). 


Calliphora viridescens R.-D. SALIENT DIAGNosTIC CHARACTERS OF MALE 
TERMINALIA. Figs. 8; 10; 11. Sc Lerires. Sternum 5 as in fig. 11, 6. ‘Tergum6 
a long narrow plate not extending laterally, a small detached part attached to 
the dorso-lateral end of tergum 7 and bearing spiracle 6 (fig. 10). Sternum 6 
(fig. 10) is asymmetrical, with a very broad, ribbed flange (compare with that 
of L. caesar, p. 111). Tergum 7 is long and broad, and bears spiracle 7 (fig. 10). 
Ninth Tergo-Sternum. Variable as in the other species. ‘Tergum 10 long, deep, 
and anterior margin rounded. 

APPENDAGES. Ninth Coxite. Distal Segment. Ventral view. Fig. 8, c. 
Wide, with broad ledge on inner side, bent inwards and ending in a sloping 
point which gives a very characteristic appearance in side view (figs. 8, a; 
10). Lateral view as in fig. 8, a, which shows the characteristic upturned pointed 
end. Proximal Segment. Lateral view. Fig. 8, a. A long rod united to its 
fellow with membrane which is chitinized. Anal Cercus. Ventral view. Fig. 
8, c. Long, narrowing to blunt point (variable, not hooked), about anterior 
quarter free. Lateral view as in fig. 8, a. 
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Fic. 9. a.—Phallosome, pump sclerite and one paramere of coloradensis in side view ; 5.— 
Fifth sternum of same ; c.—Left posterior paramere of same ; d.—Right posterior paramere of same ; 
e.—End of strut of same enlarged ; f.—Left anterior paramere of same ; g.—Right posterior 
paramere of same ; /.—Right anterior paramere of same ; i.—Right anterior paramere of same 


with 7 bristles (U.S.A.). 
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Fic. 10. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallo- 
some of viridescens (U.S.A.). 


Phallosome. Lateral view. Fig. 11, a. Very similar to that of the other 
species, middle part rather narrow and straight ; strut ending in a short blunt 
end (fig. 11, e, variable, depending somewhat on orientation) ; distal part of 
phallosome short and broad. Posterior Process of Phallosome. Fig. 11, a. Rather 
long and narrow. Sperm Pump Sclerite. Fig. 11, a. Similar to that of the other 
species. Apodeme of Phallosome. Fig. 11, a. Long and rather narrow in side 
view. Parameres. Lateral view. Anterior Part. Fig. 11, a, g,h. Very similar 
to those of the other species, armed with 5-6 long bristles (one apical). Posterior 
Part. Fig. 11, a, c, d, f, 7. Also similar to those of the other species with a 
short stout basal bristle. 
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Fic. 11. a.—Phallosome, pump sclerite and one paramere of viridescens in side view ; b.— 
Fifth sternum of same ; c.—Right posterior paramere of same ; d.—Left posterior paramere of 
same; e.—End of strut of same to show variations in shape ; f.—Right posterior paramere of 
same; g.—Left anterior paramere of same; /.—Right anterior paramere of same ; 1.—Left 
posterior paramere of same ; 7.—Pump sclerite of same (U S.A.). 


(To be continued) 
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(From the Department of Entomology, Liverpool School of Tropical Medicine) 
(Received for publication 17 May, 1934) 


Chrysomyia albiceps Wiedemann. SALIENT DIAGNOSTIC CHARACTERS OF 
MALE TERMINALIA. Figs. 1; 2. Sc ierires. Fifth sternum as in fig. 2, m. 
Tergum 6 entirely wanting ; spiracle 6 located on antero-dorsal edge of tergum 7 
(fig. 1). Sternum 6 complete, reaching to the right side with moderately strong 
flange on left, thinner on the right side. ‘Tergum 7 long and wide, forming a 
sloping plate bearing spiracle 7 (fig. 1). Ninth Tergo-Sternum. Fig. 2, b. 
Variable, handle usually fairly long, but may be short. ‘Tergum 10 short, 
anterior margin rather prominent near distal segment of ninth coxite (fig. 1). 











Fic. 1. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallo- 
some of albiceps (Rhodesia). 
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ApPENDAGES. Ninth Coxite. Distal Segment. Ventral view. Fig. 2, d. 
A long stout, round rod bent in towards the anal cercus, end rounded. Lateral 
view in fig. 2, f. Anal Cercus. Ventral view. Fig. 2, d. Long, closely applied 
to its fellow, slightly dilated before the end, and united by membrane almost to 
the nipple-like rounded extremity ; the anterior three-quarters is almost of the 
same width (except the slight dilatation referred to) ; the posterior end widened 





Fic. 2. a.—Phallosome and one paramere of albiceps in side view (Rhodesia) ; 6.—Ninth 
tergo-sternum of same (Rhodesia) ; c.—Right paramere of same (Rhodesia) ; d.—Ventral view of 
anal cerci and distal segments of ninth coxite of same (Rhodesia) ; e.—Spines from ventral surface 
of distal membraneous part of phallosome of same ; the spines are rarely symmetrical on each 
side (Rhodesia) ; f.—Anal cercus and ninth coxite of same in side view (Rhodesia) ; g.—Left 
anterior part of paramere of same (Kenya) ; 4.—Anal cercus of same in side view with nipple end 
enlarged in outline (Uganda) ; 7.—Right paramere of same (Uganda) ; j.—Right paramere of same 
(Kenya) ; k.—Left paramere of same (Kenya) ; /.—Anal cercus of same in side view with nipple 


end enlarged (Rhodesia) ; m.—Fifth sternum of same (Palestine). 
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and ending in sloping, narrower extremity, as shown in fig. 2, d. Lateral view 
as in fig. 2, f, h, 1, which also shows the slightly raised, rounded anterior end 
(fig. 2, A, 2). 

Phallosome. Lateral view. Fig. 2, a. The middle part when seen in lateral 
view is bell-shaped, the struts not well defined, and merged with the chitin of 
the main part of the body ; they diverge widely, the ventral part thus having a 
long, wide incision ; towards their distal ends on the ventral side they are better 
defined and thickened, and bent upwards as broad hooks attached to the side 
of each flap. ‘The distal part consists of the flaps and the semi-membraneous 
distal end carrying the ejaculatory duct. Each flap consists of two parts, one 
on each side of the middle line, the outer part is a curved, strongly chitinized 
plate markedly serrated along its ventral border, and ending postero-ventrally 
in a strong tooth-like spine ; the strut is attached to this part of the flap just 
above this spine ; the inner plate which is a part of the outer is not serrated, and 
projects beyond it. The two parts of the flap appear to be homologous to the 
flap which is characteristic of the distal end of the phallosome of the marginals 
group of this genus. Projecting from the middle line between the two flaps is 
the wide, semi-membraneous tube carrying the ejaculatory duct; near its 
proximal end on each side of the middle line there are three or more long spines 
closely attached to the membrane and directed backwards (fig. 2, e). ‘This type 
of phallosome, although superficially unlike that of marginalis and chloropyga, 
is nevertheless built on the same plan. Posterior Process of Phallosome. Fig. 2, a. 
Long and of uniform diameter, the end bent upwards. Sperm Pump Sclerite. 
As illustrated in fig. 4, a. Apodeme of Phallosome. Fig. 2, a. Long and bent 
when seen in side view, but handle variable in length, as illustrated in fig. 4, /, R. 
Parameres. Lateral view. Anterior Part. Fig. 2, a, c, g, 7,7. A thin unfolded 
plate, which may bear a small spine about the middle of the outer surface, or a 
fairly long hair (fig. 4,7). Posterior Part. Fig.2,a,c,i,j,k. A stout, up-standing, 
rod-like process forked about one-third the distance from the distal end, a small 
spine or bristle located on small branch of fork on outer side near end ; the 
usual sensory spines on the inner side of the large branch. 

FEMALE 'TERMINALIA. SALIENT DIAGNOSTIC CHARACTERS. OVIPOSITOR 
(Segments 6, 7,9 and 10). The sclerites, terga and sterna and the spermathecae 
of the ovipositor are illustrated in fig. 3, and as these are self-explanatory there 
is no need to describe them ; it is necessary, however, to draw attention to 
tergum and sternum 6 (fig. 3, a, c). The former is rather long and spiracles 6 
and 7 are located at its edge ; the latter is somewhat hexagonal in shape and has 
a characteristic narrow median distal extension, which is normally bent back 
and may be overlooked if not carefully dissected away from the membrane. 
Compare with those of the Indian form as illustrated in fig. 3, 5, d. 

LARVA. SALIENT DIAGNOSTIC CHARACTERS OF Larva. Fig. 4. The larva 
has a series of characteristic fleshy processes arranged in a definite manner, and 
longer towards the posterior end ; each fleshy process is surmounted by a ring 
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Fic. 3. a.—Sixth tergum of albiceps (Rhodesia) ; 6.—Same of albiceps var. indica (India) ; 
c.—Sixth sternum of albiceps (Rhodesia) ; note narrow anterior extension ; d.—Same of albiceps 
var. indica (India) ; e.—Seventh tergum of albiceps (Rhodesia) ; f.—Seventh sternum of same ; 
g.—Seventh tergum of albiceps var. indica (India) ; h.—Seventh sternum of same ; i.—Ninth 
tergum of albiceps (Rhodesia) ; j7.—Ninth sternum of same , k.—Ninth tergum of albiceps var. 
indica (India); /.—Ninth sternum of same; m.—vTenth tergum and anal cerci of albiceps 
(Rhodesia) ; ”.—Tenth sternum of same ; 0.—Tenth tergum and anal cerci of albiceps var. indica 
(India) ; ».—Tenth sternum of same ; g.—Spermathecae and ducts of albiceps (Rhodesia) ;_ 7.— 
Same of albiceps var. indica (India). 








of short hook-like spines varying in number from 24 to 36 and forming a brush. 
Cephalopharyngeal Skeleton. ‘The cephalopharyngeal skeleton is admirably 
adapted for the predaceous habit ; it is markedly elongated and strongly chiti- 
nized, the hypostomal sclerite being very massive and closely applied to the 
anterior end of the pharyngeal sclerite. ‘The full grown third stage larva and 
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Fic. 4. a.—Posterior spiracles of albiceps (Rhodesia) ; 6.—Same of albiceps var. indica (India) ; 
c.—Same of albiceps (South Africa) ; d.—Same of albiceps (Palestine) ; e.—Same of var. rufifacies 
(Sydney, N.S.W.) ; f.—Same of albiceps (IKhartoum). 


its pharyngeal skeleton are illustrated and described in ‘ Insects, ‘Ticks, Mites 
etc.,’ Pt. I, to which the reader is referred. Anterior Spiracles. We have 
examined the anterior spiracles of larvae from South Africa, Rhodesia, Kenya, 
Uganda, Khartoum, Palestine, Mesopotamia, India and Australia, and find that 
there is much variation in the number of finger-like processes ; they vary from 
9 to 12, and are commonly different on the two sides, so that they do not afford a 
reliable character for separating species. Posterior Spiracles. Fig. 4. The 
spiracular plates are heavily chitinized, the peritreme wide (but variable in width, 
as illustrated in fig. 4), and usually projecting between the breathing slits ; it 
is often forked at the button area, the two ends fairly well separated or very 
close together. The breathing slits are relatively short and straight. From a 
study of the illustrations of the posterior spiracular plates of third stage larvae 
from the various areas of distribution of this species, it will be noted that there 
is considerable variation in the width of the peritreme, so that no importance 
can be attached to this character as affording a specific difference between the 
different larvae. 

Chrysomyia albiceps var. indica, var. nov. Figs. 3; 5. We have made 
an exhaustive comparative study of the male and female terminalia of 
albiceps from South Africa, Rhodesia, Kenya, Uganda, Khartoum, Palestine and 
Mesopotamia, and from many localities in India, and have reached the con- 
clusion that there is only one species, and that, at most, the Indian form can only 
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Fic. 5. a.—Phallosome, pump sclerite and paramere in side view of albiceps var. indica ; 
the membraneous distal end is simply extended in this preparation and not in that depicted in 
fig. 2, a; b.—Right posterior paramere of same ; c.—Left paramere of same ; d.—Anal cerci and 
distal segments of ninth coxites of same in ventral view ; e.—Anal cercus and nipple end of same 
enlarged in outline ; f.—Anal cercus and ninth coxite of same in side view ; g.—Left anterior 
paramere of same ; .—Ninth tergo-sternum of same with short handle ; 7.—Right paramere of 
same ; note long hair on anterior part ; 7.—Another of same ; k.—Ninth tergo-sternum of same 
with longer handle ; compare with fig. 2, 6; /.—Right anterior paramere of same ; | m.—Fifth 
sternum of same ; m.—Spines on distal part of same, enlarged (India). 





be considered as a local variety. A careful comparison of the male terminalia 
of albiceps and the local Indian form, as illustrated in figs. 2; 5, will amply 
confirm this conclusion. All the figures have been drawn from carefully 
dissected material, orientated as nearly as possible in the same way, mounted 
without compression on slides and drawn to the same scale ; the same applies 
to the female terminalia illustrated in fig. 3. Taking into consideration the normal 
variation in the structure of these parts we can only say that we are unable to 
fix on any structure as affording a reliable specific character which would justify 
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separating the true albiceps from the Indian form. As far as we are able to say 
at present this also applies to the Australian form, which we can only consider 
as a local variety of albiceps. We are well aware that the presence or absence 
of a bristle below the mesothoracic spiracle has been given as a distinguishing 
character between the three forms. ‘The important point at issue is: What 
are the characters of the 3, 2 terminalia of this species found in the intervening 
areas, viz., along the Indian Frontier (Baluchistan, etc.), on the one hand, and 
Malay, Sumatra, Borneo, Java, Philippine Islands, Bali, Lumbok, etc., on the 
other? Do they interbreed, and what happens to the mesothoracic bristle ? 
We shall return to this important question in another paper when we describe 
the g, 2 terminalia of Chrysomyia albiceps var. rufifacies Macq. We wish to 
take this opportunity of expressing our grateful thanks to Mr. Munro, Mr. A. 
Cuthbertson, Mr. E. E. Gibbins, Dr. P. A. Buxton and Mr. Symes, for the 
great trouble they have taken in getting us extensive material of bred and caught 


specimens of albiceps. 


(To be continued) 




















THE INFECTIVITY OF TRYPANOSOMA 
RHODESIENSE IN RELAPSES AFTER 
TREATMENT WITH ‘BAYER 205’ 


BY 
J. F. CORSON 
(Received for publication 26 May, 1934) 


It has been shown (‘Thomson and Robertson, 1926; Corson, 1928) that 
rats can be infected by the inoculation of blood from cases of Rhodesian sleeping 
sickness that have relapsed after treatment with ‘ Bayer 205,’ even when the 
relapse has occurred early, e.g., ten days after the last dose of the drug. On the 
other hand, in one case, a patient named Wosuka (Corson, 1931), in whom a 
relapse occurred five days after the last of three doses of ‘ Bayer 205’ of 1 gm. 
each, none of three rats inoculated with the patient’s blood became infected, 
although four rats had been infected before treatment was begun. It is interesting 
and perhaps important to find out whether the blood during relapses in sleeping 
sickness can infect tsetse-flies. In order to eliminate doubt about relapse or 
re-infection in the case of natives it would be necessary to detain them in a fly- 
free place until a blood relapse occurred. In the temporary absence of facilities 
for doing this it was thought worth while to make an experiment with laboratory 
animals. 


Experiment.—A white rat, no. 1091, was bitten by an isolated infective fly, no. 5.8, 
on February 18th, 1934, and trypanosomes appeared in its blood on the 5th day afterwards. 
The previous history of the strain of T. rhodestense is shown as follows :—Patient—guinea- 
pig—fly—dik-dik—fly—dik-dik—fly—R.1091. 

On March 5th, when trypanosomes were numerous in the rat’s blood, 3 rats, viz., 
nos. 1158, 1159 and 1160, were inoculated subcutaneously from rat 1091. In each case 
trypanosomes appeared in the blood on the 5th day after inoculation. On March 19th, 
when trypanosomes were numerous in the blood, each of the rats 1158, 1159 and 1160, 
weighing 110, 100 and 110 gms., respectively, received a subcutaneous injection of 1 c.cm. 
of a 0-2 per cent. solution in water of ‘ Bayer 205,’ being about 0-02 gm. per kg. of body 
weight. 'The trypanosomes disappeared from the peripheral blood in each case from 
March 21st to March 24th, inclusive, reappearing on March 25th for a few days, and again 
disappearing for various periods. On March 28th, when trypanosomes were numerous 
in the blood, rats 1169, 1170 and 1171 were inoculated from rats 1158, 1159 and 1160, 
respectively, and all became infected, the incubation periods being 5, 6 and 6 days, respec- 
tively. On April 5th, during a second relapse, rat 1198 was inoculated from rat 1160 and 
showed trypanosomes in its blood on the 4th day after inoculation. Fresh preparations 
were used for microscopic examination. 

Cyclical transmission.—Laboratory-bred tsetse-flies, Glossina morsitans with a few 
G. pallidipes, were fed on rats 1158, 1159 and 1160 on March 27th, 28th and 29th, and 
afterwards fed on a clean rabbit. On April 17th, the flies were transferred to a clean 
guinea-pig, which showed trypanosomes in its blood on the 8th day afterwards. 
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SUMMARY 


It was shown that 7. rhodesiense in rats, during a relapse after treatment 
with ‘ Bayer 205,’ was transmissible both by direct inoculation and cyclically 
by tsetse—flies. 
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STUDIES IN CHEMOTHERAPY* 


XI.—THE TRYPANOCIDAL TITRE OF THE SERUM OF 
RABBITS AFTER THE INTRAVENOUS INJECTION OF 
VARIOUS COMPOUNDS OF ARSENIC 
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HELEN RUSSELL 
AND 
WARRINGTON YORKE 


(Received for publication 21 Fune, 1934) 


The length of time a drug remains in the blood after its intravenous adminis- 
tration is a matter of considerable academic interest, and probably also one of 
great practical importance. In the past the subject has attracted a good deal of 
attention, and much work has been done, but with only a very limited amount 
of success. So far as the arsenical drugs, e.g., salvarsan, tryparsamide, etc., 
are concerned, this work has been almost entirely chemical and has consisted 
in the quantitative estimation of arsenic in the blood, organs and excreta at 
various intervals after the administration of the drugs (Fordyce, Rosen and 
Myers, 1924 ; Sicé, Cousin and Rivoalen, 1933). Apart from the difficulties of 
estimating exceedingly minute amounts of arsenic in small quantities of blood, 
etc., with any degree of accuracy, this method has failed to inform us whether 
the arsenic is present as a complex aromatic arsenical in the form in which it was 
injected, or whether the drug has been broken down in the body and the arsenic 
has been liberated as some comparatively simple and possibly inactive substance. 
Chemical investigations of this kind have, for example, failed to tell us whether 
salvarsan and tryparsamide, after intravenous injection, circulate in the blood 
as such, and owe their parasiticidal virtue to this fact, or whether they are changed 
in some unknown manner after their introduction into the blood stream ; nor 
have they enabled us to answer the question in what form these drugs are 
eliminated from the body. It was with the hope of solving these questions that 
the technique and experiments described in this and later papers were devised. 

The immediate object we had in view in the work here described was to 
ascertain the trypanocidal power of the serum of rabbits at various intervals 
after the intravenous injection of certain aromatic arsenical compounds of known 
value in the treatment of experimental trypanosomiasis. ‘The compounds 
employed were :—novarsenobillon, reduced tryparsamide thioglycollatet and 








* This work was assisted by a grant from the Chemotherapy Committee of the Medical 
Research Council. 
+ Disodium di (carboxymethyl) 4-glycineamido-pheny] thioarsinite. 
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tryparsamide ; these are typical examples of arsenobenzol compounds and of 
aromatic trivalent and pentavalent arsenical compounds, respectively. 

Technique. ‘The method employed by us consisted essentially in the removal 
of blood from rabbits before, and at stated intervals after, the injection of various 
doses of the drugs. The trypanocidal titre of the serum obtained from these 
various samples of blood was then determined 7 vitro by means of the procedures r 
described in our previous papers, i.e., by incubation at 37° C. of trypanosomes 
in nutrient medium containing various concentrations of the serum under 
examination. 

As experience showed that the results obtained in the case of the pentavalent 
compound (tryparsamide) varied considerably with the length of time which 
elapsed before the serum of the rabbit was separated from the clot (see p. 239), 
it was necessary to evolve a method of obtaining the serum which would eliminate 
this source of error. Eventually the following procedure was adopted, and this 
was used in all the experiments mentioned in this paper :— 


From a puncture in the marginal vein of the ear of a rabbit, about 1-0 c.cm. of blood 
was allowed to flow into 0-025 c.cm. of 2 per cent. sodium citrate solution ; the citrated 
blood was immediately centrifuged at high speed and the supernatant plasma withdrawn | 
from the cellular deposit. In view of the minute quantity of citrate used, considerable be 
speed was necessary in order to separate the plasma before coagulation occurred. A small 
quantity (0-025 c.cm.) of a 1 per cent. solution in saline of CaCl, was then added to the 
citrated plasma in order to facilitate coagulation, after which the serum was removed from 
the fibrin. By this means the solid elements were separated from the plasma as soon as 
possible after the blood was shed and before coagulation occurred. 








In the case of each of the drugs three doses were chosen : these represented 
for rabbits small, moderate, and large (toxic) doses respectively. ‘Those actually 
used were : 





Novarsenobillon. 
i. Small dose, 10 mgm. per kilo. 
ii. Moderate dose, 50 mgm. per kilo. 
ii. Large dose, 200 mgm. per kilo. 
Reduced tryparsamide. 
i. Small dose, 5 mgm. per kilo. 
ii. Moderate dose, 10 mgm. per kilo. 
ii. Large dose, 25 mgm. per kilo. 
Tryparsamide. 
i. Small dose, 0-25 gm. per kilo. 
11. Moderate dose, 0-5 gm. per kilo. 
iii. Large dose, 1:25 gm. per kilo. 

Samples of the serum were collected in the manner described above, imme- 
diately before the intravenous injection of the drug, and at 24 minutes, 30 minutes, 
2 hours, 6 hours, 12 hours, 24 hours and 48 hours after the injection, and every 
24 or 48 hours subsequently until the end of the experiment, 
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The trypanocidal titres of the different samples of serum were then deter- 
mined in the usual way. A regular series of dilutions (1 in 4, 16, 64, 256, 1,024 
and so forth) of each sample of serum was made in nutrient medium (equal 
volumes of normal rabbit serum heated to 64° C. for 30 minutes, and Ringer- 
glucose solution). ‘lo each of the tubes containing these various concentrations 
of serum was added 1/20th of its volume of a suspension of 7. rhodesiense in 
nutrient medium of such a strength that the number of trypanosomes in each 
tube was about 2,000 perc. mm. The tubes were incubated at 37° C. for 24 


GRAPH | 
Trypanocidal titre of the serum of rabbits after various doses of novarsenobillon 
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hours, and the number of trypanosomes in each of them counted by means of 
the haemocytometer. ‘The trypanocidal titre was taken as the lowest concen- 
tration of serum which sufficed to kill the trypanosomes (Yorke and Murgatroyd, 
1930). The results obtained from these experiments are set forth in Graphs 1 


to 3 and in ‘Tables I to III. 


TABLE I 
Showing the trypanocidal titre of the serum of rabbits at various times after an intravenous 
injection of novarsenobillon 


Dose of novarsenobillon 


























Time after | 200 mgm. per kilo. 50 mgm. per kilo. 10 mgm. per kilo. 

nico — — 

Rabbit A Rabbit B Rabbit C Rabbit D 

2} mins. 524,000 524,000 130,000 32,000 
= 260,000 260,000 65,000 16,000 
'2 hours 65,000 65,000 65,000 8,000 
-_ » 65,000 65,000 16,000 4,000 

im J 16,000 16,000 8,000 1,000 
4 Ci, 8,000 8,000 2,000 64 

2 days 4,000 2,000 500 16 

oe 1,000 256 64 4 

— 1,000 256 64 2 

B is 256 64 16 <i { 
ow 256 64 + 0 

ose — 32 l 0 

8, 32 ] —- 

lO, _ 8 0 - 

12 - 8 — — 

14 8 - - 

16 : 4 
18 ~ 2 — - be 
2] 2 i | 
23 _ ] - 
25 ] -- - 
28 - 0 - 


+Died 

Novarsenobillon. Graph 1 and Table I show the effects on the trypanocidal 
power of the serum produced by intravenous injection of the three doses of this 
drug into rabbits. ‘These may be summarized as follows :— 

1. ‘The immediate result of an intravenous injection of N.A.B. was to 
confer upon the serum an exceedingly high trypanocidal power. 

2. The actual titre reached varied directly with the dose of the drug given, 
e.g., with a dose of 200 mgm. per kilo. the trypanocidal titre of the serum was 
about 524,000, with a dose of 50 mgm. about 130,000 and with a dose of 10 mgm. 


about 32,000, 
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3. During the following 24 hours the trypanocidal titre fell rapidly and 
steadily so that at the end of the first day it was only a small fraction (2 per cent. 
or less) of its initial value. 

4. After the first 24 hours the fall in titre became definitely slower, and this 
was especially the case in one of the two animals, Rabbit A, which had received 
the largest dose (200 mgm. per kilo.) of the drug, a dose which in this animal 
proved to be lethal. 

5. In the case of each animal, except Rabbit A, the trypanocidal titre of 
the serum fell to zero ; but the time required for this to occur varied with the 
dose given, e.g., the serum of Rabbit D which had received 10 mgm. of N.A.B. 
per kilo. had lost its trypanocidal power on the 6th day after the drug was given, 
that of Rabbit C, which had received 50 mgm., on the 10th day, and that of 
Rabbit B, which had received 200 mgm., on the 28th day. 

6. It is instructive to compare the sequence of events in Rabbit A and 
Rabbit B, both of which were given the same dose of the drug (200 mgm. per 
kilo.). ‘This large dose proved lethal to Rabbit A, but was tolerated by Rabbit B. 
As is shown in the Graph and Table the fall in trypanocidal titre of the serum 
was identical in the two animals during the first 24 hours, but afterwards the 
fall in Rabbit A became definitely slower than in Rabbit B ; and when Rabbit A 
died on the 7th day its serum still possessed a trypanocidal titre of 256, as com- 
pared with 32 for Rabbit B. ‘This observation suggests that the poisoned animal 
had to some extent lost its capacity to eliminate the drug. 

Reduced tryparsamide thioglycollate. ‘The effects on the trypanocidal power 
of the serum produced by intravenous injection into rabbits of the three doses 
of this drug are shown in Graph 2 and ‘Table II. As in the case of novarseno- 
billon, the immediate effect of an injection of reduced tryparsamide was to confer 
upon the serum of the injected animal a very high trypanocidal power, the titre 
of which was directly proportional to the dose of the drug given. ‘The main 
difference shown by the two drugs is the amazing rapidity with which the 
trypanocidal titre of the serum fell in the case of reduced tryparsamide. With 
the small dose the titre fell from 1,000 to 1 in 6 hours, and reached zero in less 
than 24 hours ; with the medium dose it fell from 4,000 to 4 in 6 hours, to 1 in 
12 hours, and to zero in 48 hours. Even in the case of the largest dose (25 mgm. 
per kilo.), which in one of the animals (Rabbit A) proved to be lethal, the fall 
in titre was equally rapid ; it fell from 16,000 to 64 in 6 hours, and to 16 in 12 
hours. In Rabbit B, which tolerated this dose, the titre continued to fall rapidly 
and had practically reached zero in 3 days. In Rabbit A, the titre remained 
practically constant at 16 from the 12th hour until the 48th hour after the 
injection. It is true that the 72-hour reading showed a fall in the trypanocidal 
titre to 4, but the serum, on which this estimation was made, was collected 
2 hours after the animal’s death. The apparent agonal fall in the titre may 
therefore have been largely a post-mortem phenomenon due to the absorption 
of drug by dying tissues. 
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GRAPH 2 





‘T'rypanocidal titre of serum of rabbits after various doses of 


reduced tryparsamide 
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TABLE IT 


Showing the trypanocidal titre of the serum of rabbits at various times after intravenous 
injection of reduced tryparsamide 


Dose of reduced tryparsamide 











Time after 25 mgm. per kilo. 10 mgm. per kilo. 5 mgm. per kilo. 
injection | = 
Rabbit A _ Rabbit B Rabbit C Rabbit D 
| | 

21 mins. 16,000 16,000 4,000 | 1,000 
30°, 256 256 64 | 32 

2 hours 64 64 16 4 

_ 32 32 4 | l 
12, 16 | 16 l | “i 

@ » 16 | 8 l | 0 

2 days 16 ] 0 | —- 

a 4* | <7 _— — 

& «a — | 0 ne _— 

* Died. 


Tryparsamide. ‘The results obtained with this drug are shown in Graph 3 
and ‘Table III. It is seen that the immediate effect of an intravenous injection 
of tryparsamide was to confer only a slight trypanocidal power on the serum. 
The trypanocidal titre subsequently rose steadily until it reached its maximum 
about 6 hours after the injection. ‘The level reached was, however, in no way 
comparable with that attained with novarsenobillon and reduced tryparsamide. 
Even after the largest dose of tryparsamide (1-25 gm. per kilo.) we have never, 
in any of 9 experiments, obtained a trypanocidal titre of more than 128, and very 
rarely has it exceeded 64, Having attained to its maximal level, which varied 
with the dose of the drug given, and apparently also with individual rabbits, the 
trypanocidal power of the serum slowly subsided. With the small dose (0-25 gm. 
per kilo.) the titre returned to zero in 2 or 3 days, with the medium dose (0-5 gm. 
per kilo.) in 4 or 5 days, although occasionally this period was more prolonged, 
and with the large dose (1:25 gm. per kilo.) the titre did not fall to zero until 
9 to 13 days after the injection. 

If we contrast the effects upon the trypanocidal power of the serum produced 
by intravenous injection of the three types of arsenical compounds, we find that 
the arsenobenzol compound (novarsenobillon) and the trivalent aromatic com- 
pound (reduced tryparsamide) give very similar results, but that these are 
radically different from those produced by the pentavalent compound (tryparsa- 
mide). Immediatelv after the intravenous injection of novarsenobillon or reduced 
tryparsamide the serum is found to exhibit an enormously high trypanocidal 
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GRAPH 2 


‘T'rypanocidal titre of serum of rabbits after various doses of 
reduced tryparsamide 
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TABLE IT 


Showing the trypanocidal titre of the serum of rabbits at various times after intravenous 
injection of reduced tryparsamide 


Dose of reduced tryparsamide 











Time after 25 mgm. per kilo. 10 mgm. per kilo. 5 mgm. per kilo. 
injection — | —_—— 
Rabbit A _ Rabbit B Rabbit C Rabbit D 
2} mins. 16,000 16,000 4,000 | 1,000 
30, 256 256 64 | 32 
2 hours 64 64 16 4 
6, 32 32 4 | ; 
ws . 16 16 l | “et 
“a 16 8 l | 0 
2 days 16 l 0 | ~~. 
S 4 4* le — o 
4, — 0 — — 
* Died. 


Tryparsamide. ‘The results obtained with this drug are shown in Graph 3 
and ‘lable III. It is seen that the immediate effect of an intravenous injection 
of tryparsamide was to confer only a slight trypanocidal power on the serum. 
The trypanocidal titre subsequently rose steadily until it reached its maximum 
about 6 hours after the injection. ‘The level reached was, however, in no way 
comparable with that attained with novarsenobillon and reduced tryparsamide. 
Even after the largest dose of tryparsamide (1-25 gm. per kilo.) we have never, 
in any of 9 experiments, obtained a trypanocidal titre of more than 128, and very 
rarely has it exceeded 64. Having attained to its maximal level, which varied 
with the dose of the drug given, and apparently also with individual rabbits, the 
trypanocidal power of the serum slowly subsided. With the small dose (0-25 gm. 
per kilo.) the titre returned to zero in 2 or 3 days, with the medium dose (0-5 gm. 
per kilo.) in 4 or 5 days, although occasionally this period was more prolonged, 
and with the large dose (1-25 gm. per kilo.) the titre did not fall to zero until 
9 to 13 days after the injection. 

If we contrast the effects upon the trypanocidal power of the serum produced 
by intravenous injection of the three types of arsenical compounds, we find that 
the arsenobenzol compound (novarsenobillon) and the trivalent aromatic com- 
pound (reduced tryparsamide) give very similar results, but that these are 
radically different from those produced by the pentavalent compound (tryparsa- 
mide). Immediately after the intravenous injection of novarsenobillon or reduced 
tryparsamide the serum is found to exhibit an enormously high trypanocidal 
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TABLE III 


Showing the trypanocidal titre of the serum of rabbits at various times after intravenous 
injection of tryparsamide 


Dose of tryparsamide 





Time after 1-25 gm. per kilo. | 0-5 gm. per kilo. 0-25 gm. per kilo. 





injection © |_———-} — __—_ — a 
Rabbit A Rabbit B Rabbit C Rabbit D 
25 mins. { { 2 i 
30 me 16 16 4 } 
2 hours 32 16 S 1 
6 64 16 16 8 
12 16 | 16 8 { 
24 16 4 4 ] 
2 days 4 4 l <I 
l 4 ] 0 
4 | 4 0 — 
§ l | 4 — 
7 “4 | &. ~ : 
8 — | 4 ue _ 
ft) 0 9 din _ 
10 a 9 ee oo 
1 a | ee - 
12 - a <I] = aia 


~~ 

| 

| 

\ 
a 
~— 

| 

| 
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titre ; this, however, at once commences to fall and continues to do so—rapidly 
at first and more slowly later—until it finally returns to zero. ‘The only difference 
exhibited by these two compounds is the fact that the trypanocidal titre falls 
much more rapidly after an injection of reduced tryparsamide than after novarse- 
nobillon. 

The effect of the pentavalent compound tryparsamide, however, is funda- 
mentally different. ‘The immediate result of an intravenous injection of this 
drug is to confer upon the serum only a very slight trypanocidal titre ; the titre 
then rises steadily to reach its maximum in about 6 hours, after which it gradually 
falls and finally returns to zero. For the sake of comparison the curves repre- 
senting the trypanocidal titre of the serum of rabbits which were given the 
medium sized dose of the three types of arsenical compound are depicted in 


Graph 4. 





DISCUSSION 


We now pass to a consideration whether these observations throw any light 
upon the mechanism of the therapeutic action of the three types of arsenical 
compound. 
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GRAPH 4 


Comparing the trypanocidal titre of the serum of rabbits after moderate doses of novarsenobillon, 
reduced tryparsamide, and tryparsamide respectively 
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‘here seems reasonable ground for assuming that the enormous trypano- 
cidal power, which the serum exhibits immediately after intravenous injections 
of the arsenobenzol or aromatic trivalent arsenical compounds, is related to the 
trypanocidal activity which these drugs exhibit so pronouncedly im witro (Yorke 
and Murgatroyd, 1930). Numerous im vitro experiments have shown us that 
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the minimum concentration of novarsenobillon, or reduced tryparsamide, which 
is necessary to kill all the trypanosomes, in a suspension in nutrient medium, 
within 24 hours at 37° C. is about 1 in 100 millions. ‘This information enables 
us to calculate what trypanocidal titre we should expect the serum of a rabbit 
to exhibit immediately after the intravenous injection of a certain quantity of 
either of these drugs. Assuming the blood volume of a rabbit to be 1/20th of 
its body weight, an animal weighing 1 kilo. will have 50 c.cm. of blood (i.e., 
30 c.cm. of serum). Consequently, an intravenous injection of 200 mgm. of 
N.A.B. will result in an immediate concentration of 1 mgm. of the drug in 
150 c. mm. of serum ; and as N.A.B. exerts a trypanocidal action in vitro when 
present in only | part in 100 millions we should expect the trypanocidal titre of 
the serum, immediately after an intravenous injection of this dose of the drug 


P 100,000,000 
150 

In ‘Tables IV and V we have calculated on this basis the trypanocidal titres 

which we should expect the serum of rabbits to exhibit immediately after the 

injection of the various doses of novarsenobillon and reduced tryparsamide 


respectively, and we have contrasted these values with those actually observed 
2} minutes after injection. 


»b = 660,000 (approximately). 





TABLE IV 


Comparing the trypanocidal titre which the serum of rabbits should theoretically show 
immediately after intravenous injection of novarsenobillon with that actually observed 
24 minutes after injection 


| | 
| 


Dose of N.A.B. | Trypanocidal titre which the | Trypanocidal titre which | Ratio of titre 





per kilo. of | serum should exhibit immedi- the serum actually exhi- | found to that 
rabbit ately after injection (calculated) bited 24 mins.after injection — calculated 
10 mgm. 32,000 32,000 5:5 
50, 160,000 | 130,000 | 4 5 

200 _, 660,000 | 524,000 | 4:5 





In the case of novarsenobillon the theoretical trypanocidal titres, calculated 
on the basis of the trypanocidal activity of the drug im vitro, are remarkably close 
to those actually observed 23 minutes after the injection of the drug; but in 
the case of reduced tryparsamide the observed titres are only a small fraction of 
the theoretical values. Reference to ‘Tables I and II, however, show that these 
results are very much what we might expect. ‘The fall in the trypanocidal titre 
of the serum in the rabbits injected with novarsenobillon (‘Table 1) is relatively 
slow, the readings at 30 minutes being approximately half those made 2} minutes 
after injection. It is not surprising that, as the fall in trypanocidal titre which 
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TABLE V 


Comparing the trypanocidal titre which the serum of rabbits should theoretically show 


immediately after intravenous injection of reduced tryparsamide with that actually 
observed 2} minutes after injection 


Dose of reduced | 'Trypanocidal titre which the | ‘T'rypanocidal titre which | Ratio of titre 
trvparsamide per | serum should exhibit immedi- | the serum actually exhi- | found to that 


kilo. of rabbit | ately after injection (calculated) bited 2} mins.after injection) calculated 








| cee ee Oe 
| 


) mgm 16,000 | 1 G00 1:16 
10, 32,000 4,000 1:8 
25 ,, 80,000 16,000 1:5 





takes place in 27} minutes is so slight, that occurring in the 2} minutes between 
the time of injection of the drug and the first reading is still less. For these 
reasons we should expect to find in the case of N.A.B. that the trypanocidal 
titres observed 2} minutes after injection correspond very closely to the theoretical 
values which should be obtained at the end of injection: and this ‘Table IV 
shows to be a fact. 

If, now, we turn to ‘Table II, we see that the rate of fall in trypanocidal 
titre of the serum in rabbits injected with reduced tryparsamide is immensely 
greater, the reading at 30 minutes being only 1/32 to 1/64 of those made 2} 
minutes after injection of the drug. In view of the astonishing fall in the trypano- 
cidal titre observed to take place in 274 minutes, it is not unreasonable to assume 
that a proportionally rapid fall had occurred during the 2} minutes elapsing 
between the end of injection and the first reading ; and this we believe to be the 
explanation of the striking ditferences shown in Table V, between the theoretical 
titres and those actually observed 2} minutes after injection. In short, it seems 
to us that the figures contained in Tables IV and V are very much what might 
be expected on the assumption that the therapeutic activity of novarsenobillon 
and reduced tryparsamide depend entirely upon the circulation in the blood 
stream of the unchanged drugs. 

When we consider the pentavalent arsenical—tryparsamide—it 1s at once 
obvious that we have to deal with a very different state of affairs. ‘Tryparsamide 
in vitro has a very slight trypanocidal power, a solution as strong as 1 : 1,600 
being required to kill the trypanosomes within 24 hours at 37° C. (Yorke and 
Murgatroyd, 1930). In Table VI, we give the theoretical titre (based on this 
figure) which we should expect the serum of rabbits to exhibit immediately after 
the injection of the various doses of tryparsamide, and for comparison those 
actually observed 2} minutes after the injection. 

The doses of tryparsamide injected were relatively so large that, notwith- 
standing its very slight trypanocidal power, we should expect the serum to 
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‘TABLE VI 


Comparing the trypanocidal titre which the serum of rabbits should theoretically show 
immediately after intravenous injection of tryparsamide with that actually observed 


2} minutes after injection 


~ x . . . | . e . . . . . 
Dose of trypar-  Trypanocidal titre which the | Trypanocidal titre which | Ratio of titre 
| 


samide per kilo. | serum should exhibit immedi- | the serum actually exhi- | found to that 





of rabbit ately after injection (calculated) |bited 24 mins.after injection] calculated 

0-25 gm 15 l 1:15 

0-5 ,, 30 | 2 1:15 
es 79 4 3339 





exhibit immediately after injection a trypanocidal titre varying from 15 to 75, 
according to the dose. ‘These values are, however, immensely greater than those 
actually observed 23 minutes after injection. So far as one can see there are only 
two possible explanations of this fact : either the drug is immediately converted 
in the body into something still more inactive than tryparsamide itself, or a 
large proportion of the amount injected is quickly removed from the blood stream. 
The continuous rise in the trypanocidal titre of the serum which takes place 
during the 6 hours following the injection (Table III) is almost conclusive 
evidence that trvparsamide does not owe its therapeutic value to the circulation 
of the unchanged drug in the blood, but that it is gradually changed into a more 
active substance. 

Attention has already been drawn at the beginning of this paper to the fact 
that in our earliest experiments we noticed that the trypanocidal titre of the serum, 
2} minutes after the injection of tryparsamide, varied with the length of time 
which elapsed before the serum was removed from the clot ; and that a special 
technique had to be devised in order to eliminate this source of error. Further 
investigation of this interesting fact showed that if the serum was obtained in 
the usual way, by allowing the blood to clot in the presence of red cells, the 
trypanocidal titre was always considerably greater than if the plasma was separated 
from the red cells immediately the blood was shed and allowed to clot in the 
absence of red cells. 

This is illustrated by the following simple 7m vitro experiments :— 

1. To 2 c.cm. of heart blood of a rabbit was added 0-1 c.cm. of a 20 per cent. solution 
of tryparsamide. "The mixture was then divided into two equal parts, A and B; A was 
centrifuged immediately and the plasma removed and allowed to clot for 2 hours at 37 C. ; 
B was allowed to clot in the presence of red cells at 37° C. for 2 hours and then the serum 
was removed. 

The trypanocidal titre of Serum A and Serum B was then ascertained in the usual way. 
The titre of Serum A (clotted in the absence of red cells) was 8, and that of Serum B (clotted 
in the presence of red cells) was 64. 


2. To 0-4 c.cm. of rabbit serum was added 0-025 c.cm. of a 40 per cent. solution of 


tryparsamide and the mixture (Serum A) was allowed to stand at 37° C. for 2 hours. To 
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another 0-4 c.cm. of rabbit serum was added 0-2 c.cm. of washed rabbit red corpuscles 
and 0-025 c.cm. of a 40 per cent. solution of tryparsamide ; the mixture (Serum B) was 
allowed to stand at 37° C. for 2 hours, and then centrifuged and the serum removed from 
the red cells. 

The trypanocidal titre of Serum A and Serum B was then ascertained in the usual 
way. The titre of Serum A (to which no red cells had been added) was 32, and that of 
Serum B (to which red cells had been added) was 512. 


These experiments suggest that it is not the process of clotting per se which 
increases the trypanocidal activity of tryparsamide, but that the essential factor 
is the presence of red corpuscles in the tryparsamide solution. 

Many years ago Levaditi and Yamanouchi (1908) showed that if a solution 
of atoxyl was added to an emulsion of liver, the mixture after 2 hours at 37° C. 
became toxic for trypanosomes ; this toxic substance they called ‘ trypanotoxyl.’ 
‘The liver was found to be most active, but muscle and lung acted in the same 
way. It was found that the power which liver possessed of transforming atoxyl 
went hand in hand with its reducing action on methylene blue ;_ boiled liver 
transformed atoxyl and still reduced methylene blue. Levaditi (1909) continued 
his researches on this subject and reached the conclusion that the active substance 
Was an arseniated toxalbumen. Yamanouchi (1910) later repeated and continued 
the work of Levaditi and himself on the formation of trypanotoxyl. He found 
that such tissues as liver, kidneys and muscle when freed from blood had no 
action on atoxyl, but that the trypanocidal substance was produced by the action 
of the red blood cells ; he further showed that the active substance is soluble 
in alcohol, thermostabile and free from protein. Levaditi’s hypothesis that the 
active principle is an arseniated toxalbumen was also actively combated by Neven 
(1909) and by Roehl (1909), who showed that reduced arsanilate was trypano- 
cidal in the absence of albumen. 

Summing up this work there seems to be no doubt that the incubation of 
a solution of an aromatic pentavalent arsenical compound, such as atoxyl or 
tryparsamide, in the presence of red corpuscles, increases the trypanocidal 
activity of the solution. ‘The reason for this is not vet clear, but there is some 
evidence suggesting that the increase 1n trypanocidal activity is due to reduction 
of some smal! proportion of the pentavalent compound to the corresponding 
trivalent compound. The trypanocidal activity of these trivalent compounds is 
so enormous that only a relatively minute quantity of the pentavalent compound 
need be reduced to produce a highly trypanocidal solution. Such a hypothesis 
appears to afford a reasonable explanation of the gradual rise in trypanocidal 
titre which we have observed in the serum of rabbits up to about 6 hours after 
an intravenous injection of tryparsamide. We have already drawn attention to 
the remarkable speed with which the trivalent compounds escape from the blood 
(Graph 2 and Table II) ; and, consequently, we can explain the fact that the 
trypanocidal titre following an injection of tryparsamide never rises beyond very 
modest limits (maximum observed about 128) on the ground that as fast as the 
tryparsamide is reduced to its trivalent form it is eliminated from the blood 
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stream. Whether the reducing process occurs elsewhere than in the blood 
stream, e.g., in the reticulo-endothelial cells, we do not know. Neither do we 
know whether the tryparsamide, which is taken up by the body cells immediately 
after injection of the drug, is after an interval returned to the blood stream as 
such, or whether it is retained in these cells until it is ultimately broken down 
into some simple and possibly inactive form. 


SUMMARY 


1. Attention is drawn to the fact that there is practically no information 
regarding the length of time an arsenical compound remains in the blood after 
intravenous injection. Such information as we do possess depends upon 
chemical estimations of arsenic and, for reasons which are discussed, is quite 
inadequate for the solution of many important questions. 

2. With the object of throwing further light on the subject a technique was 
devised which has enabled us to follow the variations in the trypanocidal titre of 
the serum after intravenous injection of rabbits with different doses of each of 
the three types of aromatic arsenical compounds, viz., arsenobenzol, trivalent 
arsenical and pentavalent arsenical compounds. 

3. The effect of injection of the arsenobenzol and trivalent arsenical com- 
pounds is to confer immediately upon the serum an enormously high trypano- 
cidal titre. ‘This titre, which is proportional to the dose given, immediately 
falls—quickly at first and more slowly later—until it ultimately returns to zero. 
The only difference observed in the effect of the two compounds is that the fall 
in titre in the case of the trivalent compound is much more rapid than in that 
of the arsenobenzol compound. 

4. The immediate effect of injection of the pentavalent compound is to 
confer but a slight trypanocidal titre upon the serum. Instead of falling, however, 
as happens with the other two drugs, the titre steadily rises and does not attain 
to its maximum until approximately 6 hours after the injection. The titre 
reached is, moreover, in no way comparable with the enormous titres obtained 
with the arsenobenzol and trivalent compounds. 

5. Analysis of the observations made in this work suggest that the arseno- 
benzol and trivalent arsenical compounds owe their therapeutic activity entirely 
to the fact that these highly trypanocidal substances circulate unchanged in the 
blood stream ; and that tryparsamide owes its therapeutic activity to the fact 
that it is gradually reduced in the blood, and possibly also in the tissues, into its 
corresponding trivalent compound. 
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MISCELLANEA 


THE CEREBRO-SPINAL FLUID OF SOME SMALL 


ANTELOPES INFECTED WITH TRYPANOSOMA 
RHODESIENSE 


The results of the examination of the cerebro-spinal fluid of eight adult 
dik-diks and one young duiker infected with 7rypanosoma rhodesiense are shown 
in the following ‘Table. ‘The cerebro-spinal fluid was obtained by sub-occipital 
puncture after dissection of the sub-occipital space, the examination being made 
just after death from the disease or, more often, after death from chloroform 
when dying. 


Cerebro-spinal 





Duration ‘Trypanosomes fluid 
Animal Infected Infected Died on of in blood 
on by disease at death Living 


tryp. Cells 





1. Dik-dik 23. 9.33 ‘Tsetse bite 6. 3.34 164 days few 135 8,000 
2. m= 2.10.33 i . 19.10.33 17, numerous 0 3 
3. . 21.10.33 » glands S$, 3.24 '|.133 ... few 21 8,000 
4 - 26.10.33 i - 25.12.33 numerous 4 400 
D. - 23.11.33 a bite 5. 2.34 74°—C«, not examined 0 many 
6. 37.11.23 a - 31.12.33 “a .. numerous 29 many 
1. " 22.12.33 e 22. 3.34 90 si, none 92 678 
8, “ 21. 1.34 Inoculated 24. 3.34 oe . present 6 173 
from no. 5 
9, Duiker 27. 1.34 ‘Tsetse bite 6. 3.34 : an few 5 292 





Dik-dik no. 5 died during the previous night, and it is practically certain 
that the cerebro-spinal fluid would have shown trypanosomes if the examination 
had been made just after death. 

Comments. These animals were caught in a tsetse-free locality and were 
kept in good health for some months before being infected. They are known 
to live also in tsetse-infested regions, but to what extent they are exposed to the 
bites of the flies is unknown. They are fond of frequenting native farms about 
dusk. It is hard to understand how they could survive in sleeping-sickness 
areas unless a combination of relatively slight exposure to fly-bites and habituation 
to mild strains of 7. brucei gives them an acquired and selected resistance. It 
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is not improbable that they may play some part in the spread of Rhodesian 
sleeping sickness, though they do not seem to be a suitable reservoir, to judge by 
the above examples from a tsetse-free area. It would be interesting to examine 
the blood of these animals in tsetse-infested regions. 
J. F. Corson. 
28 April, 1934. 


STUDIES ON THE FACTORS THAT MAY 
INFLUENCE THE TRANSMISSION OF THE 
POLYMORPHIC TRYPANOSOMES BY TSETSE 


In No. VIII of this series, which appears in this journal, vol. 28, pages 
79-91, and which deals with the effect of cyclical passage through Glossina, there 
is an omission which I should like to remedy. On page 84, in the Table showing 
the maintenance of Strain XX XIII, the text paragraph opens with the statement : 
‘In the main series this strain underwent 10 consecutive cyclical passages.’ 
Actually the ‘Table only shows 8 passages terminating with monkey 699, From 
this monkey the strain was transmitted cyclically through two more monkeys, 
the data being as follows :— 

m. 699 (481) 1:8: 0-6 
(2.4.30) 


m. 718 (217) 1-8: 1-8 
(8.6.30) 


m. 732 (378) 1:0: 0°5 
(15.7.30) 
The extra evidence confirms the reduction in transmissibility suggested by 
the behaviour of the trypanosomes in the two previous monkeys and is therefore 


important to the thesis of this particular study. 
H. L. Duke. 


18 May, 1934. 

















COCHLIOMYIA AND MYIASIS IN TROPICAL 
AMERICA 


BY 
D. AUBERTIN 


(British Museum, Natural History) 
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(Reccived for publication 21 March, 1934) 


I INTRODUCTION 

Most of those who take an interest in myiasis have suspected that the term 
Cochliomyia * macellaria’ covered more than one species. In the collection of 
the British Museum a species has been separated for some years from macellaria 
I’., but its generic position was not appreciated, and the complexities of synonymy 
have prevented entomologists from investigating the relation of the species to 
each other and to myiasis. 

We are grateful to Mr. Cushing and Professor Patton (1933), who have 
recently pointed out the anatomical differences between the adults, naming the 
second species americana sp.nov., and describing a larva associated with myiasis 
which they surmised to be that of their new species. We are in a position to 
supplement the information which they have published, and we have certain 
comments to make. 

An examination of papers published by systematic entomologists fails to 
explain the identity of the screw-worm fly of America. When, however, one 
turns to the medical literature or to papers in biological journals, published by 
doctors who have treated cases of myiasis caused by this fly, and considers them 
from the systematic point of view, it is possible to make some advance. A 
bibliography of the literature dealing with all forms of myiasis in man was drawn 
up by Weyenbergh in 1878, and a further revision of the subject is long overdue. 


Il. SYSTEMATICS 


The genus Cochliomyia was founded by ‘Townsend (1915) for the reception 
of the species known as macellaria F. He cites a number of characters whereby 
he separates the genus from Chrysomya (long known under the name Pycnosoma), 
but omits any reference to the palpi; these structures are very much reduced 
in size, being short and thread-like. ‘The character is constant in the four known 
species, and may be used to separate the genus, not only from Chrysomyia, but 
from the more closely allied genus Paralucilia. 

Townsend indicates that there are other species belonging to the genus 
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Cochliomyia, including wheeleri Hough and a species occurring in the Andes 
above 12,000 ft., ‘abundantly distinct from macellaria.’ Dr. J. M. Aldrich, of 
the Smithsonian Institution, Washington, informs us that wheeleri Hough is, 
in his opinion, conspecific with Paralucilia fulvipes Macq., that this species, 
wrongly called affinis R.-D. by Shannon (1926), mav almost certainly be taken 
as the genotype of Paralucilia, and that probably the oldest known name for this 
species is fulvicrura R.-D. He also states that affinis R.-D. is a synonym of 
macellaria F, Other species, hitherto placed in Cochliomyia, which are now known 
to be conspecific with Paralucilia fulzicrura R.-D., are Musca lyrcea,* verena,* 
caruca® and gamelia* of Walker, and Somomyia callipes Big.* ; also Lucilia 
tacniaria ‘Thoms. (Aldricht in correspondence). 

There are at present four known species which may properly be placed in 
the genus Cochliomyia (C. macellaria F., hominivorax Coquerel, laniaria Wied. 
and minima Snn.); the correct assignation of names to two of these species is 
not fully elucidated, but the following discussion aims at justifying the use of 
names in this paper. 

1. Cochliomyia macellaria was described by Fabricius (1775) in the genus 
Musca, from specimens taken in ‘ America.” He subsequently refers to the species 
(1794) as from ‘ Americae Insulae’’ (presumably the West Indies), and gives 
this locality again in his ‘ Systema Antliatorum,’ page 292. Since he does not 
state that the specimens are in any particular collection, one may assume that 
they were in his own, the remnants of which are now at Kiel. Wiedemann 
(1830) saw these types and redescribed the species, but it is doubtful whether 
any more recent description, based on the type specimens, has been published. 
It is probable that the types of macellaria are no longer in existence. There is 
nothing definite in either Fabricius’s or Wiedemann’s description which suggests 
that these specimens may be conspecific with C. hominivorax Coquerel (= amert- 
cana Cush. and Patt.). It is, therefore, convenient to assume that the specimens 
represent the common American species which has so long been confused with 
C. hominivorax. Should a further examination of the type material throw doubt 
on this assumption, a claim for the retention of ‘ macellaria’ as the specific 
name for the commoner species might well be submitted to the International 
Commission on Zoological Nomenclature. | 

Among many conjectural synonyms of C. macellaria F. as we understand 
it, the following appear to be well authenticated : Chrysomyia affinis R.-D., 
Somomyia astequina Big.,* Musca certima Walk.,* Musca flavigena Big.,* Musca 
phauda Walk.,* Musca fasciata Walk.,* Lucila rubrifrons Macq., Lucilia durvillet 
Macq., Lucilia porticola Thoms., Lucilia quadrisignata ‘Thoms. Most of this 
synonymy was communicated to us by Dr. J. M. Aldrich in correspondence ; 


* 'T'ype examined. 

+Aldrich is of the opinion that Somomyia fulvinota Big. is also a synonym of Paralucilia 
fulvicrura R.-D.; but after examining Bigot’s type I think that it is conspecific with 
Chrysomyia desvoidyi Hough ; in fact,the type agrees with a specimen in the British Museum 
collection so named by Aldrich. Bigot’s name antedates that of Hough by 23 years.—D.A. 
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in all cases where the types have been available for examination, we are in agree- 
ment with him. 

2. In Aldrich’s ‘ Catalogue of North American Diptera,’ Lucilia homini- 
vorax Coquerel is placed as a synonym of Cochliomyia macellaria F. Coquerel 
was a French naval doctor ; he was also an entomologist of considerable repute, 
and took particular interest in the cases of myiasis which were brought to his 
notice. In March, 1858, he published the description of a fly, Lucilia hominivorax, 
the only specimen bred out from maggots infesting the frontal and nasal sinuses 
of a convict at Cayenne, who died as a result of the damage inflicted. ‘The 
insect is also described in his second paper (May, 1858). He drew attention to 
the fact that this insect differed from macellaria F. In the following year 
(Coquerel, 1859) he described the larva from specimens taken from the pharynx 
and sinuses of another convict. From the description of the larva and the 
accompanying figures, we feel no doubt that Coquerel had before him the 
species recently described and figured by Patton and Cushing (1933) under the 
name Cochliomyia americana. 

Acting on the suggestion of Mr. J. E. Collin, we examined three specimens 
in Bigot’s collection, standing over a label which reads: ‘ S. homicida 1 jd 2¥, 
Lucilia id. C. ‘Type. Cayenne, Coquerel.’ All the specimens carry round 
white labels marked ‘ Type’ in red; Mr. Collin tells us that these labels were 
certainly on the pins when the collection was received from Bigot’s executors. 
The specimens were submitted, among many others, to Brauer (1899). In this 
publication they are referred to as homicida Coquerel ; he evidently regarded 
the specimens as types. ‘This appears to be the only place in which the name 
‘homicida ’ occurs in print, and perhaps it is a copyist’s error for hominivorax ; 
there is no accompanying description, and it must therefore be regarded as a 
nomen nudum. According to Horn (1926), Coquerel’s types are in the Paris 
Museum, and M. Séguy tells us that the type of Lucilia hominivorax is among 
them. He has very kindly examined it for us and has sent us a male specimen 
which he has compared with the type and which, in his opinion, agrees with it 
in all respects. ‘This specimen, of which we have examined the genitalia, is 
certainly conspecific with the material which we have examined from cases of 
human myiasis and with the three specimens in Bigot’s collection. It is clear 
(Bigot, 1859, and Coquerel and Mondiére, 1862) that Bigot received flies from 
Coquerel and that the two entomologists were in frequent correspondence. 
Another naval doctor obtained two flies from 30 larvae taken from a case of 
myiasis in Mexico ; Laboulbéne (1868) reported that he and Bigot had compared 
these specimens with Coquerel’s type, and that they considered them to be 
identical. Bigot probably obtained his specimens from one or both of these 
sources ; the presence of type labels on them is incorrect and misleading. 

We therefore adopt the name hominivorax for the species described by 
Cushing and Patton under the name americana, but we realise that an examination 
of types in other museums may make it necessary to accept a still earlier name. 
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Americana C. and P. is also antedated by Somomyia fulvobarbata Bigot (1887), 
of which we have seen the type including genitalia. It is probable that Calliphora 
anthropophaga Conil (1878) is also a synonym of C. hominivorax Coquerel, 
although Conil states categorically that he considers it to be a different species ; 
but a study of the descriptions, figures and pathological records given by the 
two authors leaves little room for doubt as to the identity of the species. Unfor- 
tunately, we have no knowledge of the fate of the specimens bred out by Weyen- 
bergh and Conil. It is also probable that the fly described by Philippi (1861) 
under the name Calliphora infesta belongs to this species. 

3. Cochliomyia minima Snn. is unknown to us, and there appears to be no 
record of its breeding habits. 

4. Cochliomyia laniaria Wied. has been caught on dead molluscs. 

We agree with Cushing and Patton that the genitalia are of paramount 
importance in this group. But now that the difference between the two species 
has been established, it is of value to search for external characters which may be 
correlated with those in the genitalia. In the following key a number of points 
of difference between hominivorax and macellaria are presented. Some can 
only be seen with practice, though we believe them to be diagnostic. ‘The 
characters which are most easy to perceive are the colour of the hair on the 
succiput of the male, and the colour of the area on the vertex of the female. 


KEY, BASED ON EXTERNAL CHARACTERS, TO SPECIES OF Cochliomyia 
AT PRESENT KNOWN 


1. Thorax black with slight violet reflections ; median pair of grey 


stripes continued on to scutellum - a .. laniaria Wied. 
Thorax metallic blue, green or purple in colour ; median pair 
of grey stripes never continued on to scutellum - ia Z 


2, ‘A distinct pair of upper frontal bristles present in male ; tip 
of abdomen coppery, the first three tergites very dark green ; 
thorax dark, the four pale stripes more slender than in 
macellaria or laniaria, the inner ones scarcely continued on 
to scutellum (St. Domingo) ’ ei ; io ni .. minima Snn. 
No upper frontal bristles present in male ‘9 - “<m 
3. Succiput in male covered with red or orange hair; occiput 
covered with pale fawn-coloured hair; area of chitin in 
female, just behind vertex, reddish-orange ; no well-defined 
spots of silver r-grey tomentum on fourth visible segment, as 
seen from above, in either sex .. . hominivorax Coquerel 
Succiput in male covered with yellow hair, occiput with grey ; : 
area behind vertex in female black ; fourth visible segment 
when seen from above, with a pair of well defined lateral 
patches, widely separated, in both sexes Sy ‘ .. macellaria F. 


Il. BIOLOGY 


Cushing and Patton describe larvae from Minalitlan, Mexico, which they 
suppose are those of ‘ C. americana,’ though no adults were bred. ‘Their identifi- 
cation is correct, as is proved by adults and larvae which we have examined from 
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about half a dozen cases of human myiasis. Most of the anatomical differences 
between the larvae of C. macellaria and americana can be seen in Plate IV, which 
illustrates both larvae on the same scale and shows clearly the great difference 
in the tracheae to which Cushing and Patton have already called attention. 
For it we are indebted to Mr. W. H. 'T. ‘Tams. 

Coquerel in 1858, and Cushing and Patton more recently, have discussed 
the relation between larva and host. Is it accidental the larva occurring in a 
stinking wound which differs but little from a carcase ? Or is the larva specifically 
a parasite? The entomological evidence points strongly to the second view. 
All our specimens of C’. homizivorax have been bred from live mammals, though 
we have no evidence to show that the species never inhabits carcases. When 
the larva occurs it is clearly ‘primary ’—indeed, it generally exists in pure culture. 
But among the patients studied by Dr. Coia was one from whom he also bred 
Synthesiomyia nudiseta, and another from whom he bred Sarcophaga chrysostoma. 
These two flies are clearly secondary ; the Synthesiomyia is a widely spread 
tropical insect, often bred from faeces, carrion, etc., and S. chrysostoma is a 
well-known South American species not generally associated with myiasis. 
Moreover, it seems that it is difficult to breed C. hominivorax in meat if one 
starts with small larvae: this was noticed by Coquerel and its significance did 
not escape him. If the larvae are nearly mature they are able to complete 
development on meat (as Conil also observed), but this does not conflict with 
the view that they are essentially parasitic. Cushing and Patton point out that, 
in the rather limited amount of material available, C. hominivorax (their americana) 
was bred but not captured as an adult : apparent rarity of the adult is a charac- 
teristic of those flies which cause specific myiasis. But the facts hardly support 
this conclusion, for the fly is occasionally taken in ordinary collecting: there 
are in the British Museum adults caught in the Argentine (Edwards), Colombia 
(Pampana) and St. Domingo (Tweedie). ‘The single male described by Bigot as 
Somomyta fulvobarbata was captured in Uruguay. 

There is also structural evidence that the larva of C. hominivorax is parasitic. 
As Cushing and Patton have already pointed out, the larva of macellaria, like 
that of so many higher flies, has ribs in the floor of the pharynx, whereas the 
larva which we now know to be that of hominivorax has none. In drawing the 
conclusion that macellaria is probably saprophagous and hominivorax parasitic, 
they were doubtless remembering the work of Keilin (1917 and 1924). The 
generalization® which he enunciated appears to hold good, though it remains 

* ‘'This generalisation can be applied in the study of Myiasis in animals and man and 
will enable the investigator to separate the larvae into two groups : (1) those which invade 
fresh healthy tissue—biontophagous larvae, devoid of pharyngeal ridges, and (2) larvae 
which invade diseased tissue and by means of their hooks carry infection into the healthy 
parts of the host, feeding only upon the products of decomposition, products prepared for 
them by the micro-organisms introduced. We shall thus have to separate true parasitic 
larvae—the cause of primary myiasis—from those larvae which merely invade the infected 


wounds or cavities and are the cause of secondary or pseudoparasitic myiasis.” (D. Keilin 
(1924). Parasitology, vol. 16, p. 123.) 
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unexplained. It is remarkable and puzzling that the two species of Cochliomyia, 
the adults of which resemble one another so closely, differ so much in the struc- 
ture of the pharynx. ‘Those interested in the matter should refer to the work of 
Kriiger (1926) on the structure of the larvae of Syrphidae. ‘This author found 
pharyngeal ribs present in all those larvae (belonging to several subfamilies) 
which feed on decomposing material ; in the predators (Syrphus, etc.), but in 
no other forms, the floor of the pharynx is smooth. For pathological evidence 
which confirms the view that the larva of hominivoran is specifically parasitic, 
see below. 

A good deal is known of the biology of C. hominivorax. As to the length of 
the early stages, Conil observed a case of infection with ‘ Calliphora anthropo- 
phaga’: from egg-laying to the first pupation occupied 9 days, and to the 
emergence of the first adults a further 11 days. Laurence’s case 1 was caused 
by C. hominivorax (his specimens are in the British Museum). ‘The patient felt 
the fly go up her nose, but failed to expel it for some time. Within 12 hours 
she suffered from severe attacks of sneezing, and in under 24 hours from a bloody 
nasal discharge : clearly, therefore, the egg stage is short. On the Sth day the 
first maggots were discharged, apparently naturally, but they continued to come 
away for 10 days. It seems probable that the female lays a large number of eggs 
at a time, for several authors record the recovery of 150-200 full-grown larvae, 
and Coquerel (1858) speaks of 300. We know nothing as to the season of the 
year at which this insect is commonest. 

IV. GEOGRAPHICAL DISTRIBUTION 

Specimens of C. hominivorax from the following places are preserved 
either in the British Museum (Natural History) or in the Entomology Depart- 
ment, London School of Hygiene and ‘Tropical Medicine :— 








North America, ‘Texas (from wounds made experimentaliy in cattle, Cushing). 


Central America and West Indies. 
BritisH GuIANA. New Amsterdam, 1899 (sore on human being, Daniels) ; 
Sudie Hospital and Georgetown, 1928-1930 (several cases of human 
myiasis, A. G. Coia); Georgetown, 1927 (human myiasis, C. W. 
Mearns) ; ditto (from wound in cow, Ff. Ff. C. Haslam) ; Upper Ireng 
River, Pakaraima Mountains, 1932 (bullock, 7. G. Myers). 
FRENCH GUIANA. Cayenne, 1857 (nasal and other myiasis in man, Coquere/). 
TRiIntmDAD. Chacachacare Leper Asylum, 1930-1931 (human myiasis, 
T. B. Welch); (bred from maggots discharged from nose of woman, 
S. M. Laurence). 
St. Lucia. Ora Islet (bred from larva, St. G. Gray). 
St. DomInco. (Tweedie). 
South America. 
CoLomBiaA. (E£. ¥. Pampana). 
Brazit. Mandaos, 1921 (human nose, R. M. Gordon). 











Urucuay. Monte Video. 

ARGENTINA, (fF. and M, Edwards). 

Specimens of C. macellaria F., taken in the following localities, have been 
examined. It seems unnecessary to give the data precisely :— 


North America. 
Nebraska ; Indiana ; Virginia ; Missouri ; Tennessee ; Texas, Dickenson, 


1929 (dead cow, F. M. Hull); Florida. 


Central America and Islands. 

Mexico; Galapagos Islands; St. Domingo; Jamaica; Virgin Islands ; 
Leeward Islands, St. Kitts ; St. Lucia, 1902 (caught on dead body, St. G. Gray) ; 
Barbados ; ‘Trinidad, 1897 (on flower of Aristolochia, J. H. Hart). 


South America. 

British Guiana; Brazil (1896, on dead kid, F. FE. Austen); Argentina, 
Missiones ; Buenos Aires ; Monte Video. 

Our knowledge of the distribution of the two species is at present very 
imperfect. But it appears that their range is approximately the same, and that 
both of them are widely distributed in the West Indies and the American Conti- 
nents from about 35°N. to 35°S. 


V. PATHOLOGY 

Available information appears to suggest that myiasis due to C. hominivorax 
is commoner in man than in other animals ; but it must be remembered that 
one can only judge from bred specimens, and that nearly all the material has been 
collected by medical men. We have specimens from cattle in several countries, 
but from no other animal. It is probable that much or even all of the myiasis 
of cattle in America is due to this species ; but there is insufficient material on 
which to decide whether this is so. Records in print are of little value, for they 
have been attributed to ‘ macellaria.’ Workers in America should secure material 
from domestic and wild animals, and should expose carcases to ascertain whether 
C. hominivorax ever puts its eggs in them. 

Among human beings it seems that the commonest site of infestation is 
the nose ; we have also seen records from the mouth, buttock, orbit and eyeball, 
and vagina ; there have also been several cases of infestation of wounds. 

On structural grounds, as we have seen, one would suppose that the larva 
is a specific parasite, and not a saprophagous organism occurring in dead and 
decaying tissues. ‘Io what extent is this borne out by the clinical evidence ? 
In many of the human cases, larvae subsequently identified as those of C. homint- 
vorax have been found in infected or diseased sites ; for example, there are 
records from wounds, from a nose which was much destroyed by tertiary 
syphilis, and (frequently) from lepers, in which the disease had attacked the nose 
and structures behind it. Such a case is thus described in a letter from Dr. 


T. B. Welch, at that time in charge of the leper station at Chacachacare, 
Trinidad :-— 
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Macdonald Bodkin, a mentally defective Negro leper, came under observation on 
15 October, 1930, with characteristically swollen lips and nose and offensive nasal discharge 
which however was not bloody (as it often is). 

This is the second such infestation from which Bodkin has suffered in the last 14 
months. He has unusually large nares, the nasal septum is ulcerated, while the rest of the 
mucosa is atrophied. ‘The conditions are eminently such as to attract and to give ready 
access to the flies. 

The condition was so typical of myiasis that treatment was at once begun on appropriate 
lines though no larvae were to be seen. The nose was irrigated four times daily with warm 
normal saline (probably sodium bicarbonate, 5 grains to the ounce, would have been 
better) and a 2 per cent. solution of chloroform in liquid paraffin was dropped into his 
nostrils every two hours by day and night. 

larvae were not seen until 18 October (this delay is unusual in my experience) when 
52 large ones were removed from within the nares at one time ; during the next 24 hours 
12 more were recovered, and thereafter only a few at a time, and none after 21 October. 

The patient now appears to be well on the way to recovery (29.10.30), 

In such patients we suppose that the larva lived on dead tissue, i.e., as a 
saprophagous creature ; but in others there is evidence that it is a true parasite. 
Dr. Coia’s manuscript notes describe a case of myiasis of the buttock, caused 
by larvae of C. hominivorax : 

I have sent you some dozen or so flies from another case of myiasis. This was a negro 
who came into hospital with a stinking ulcer of the right buttock, some two inches from 
the anal margin. "lhe history was that 5 days before admission he had felt a ‘ blind boil ’ 
starting there. It had broken down the day before admission. He was certain that no 
maggots had escaped from the wound. I found on examination a large ulcer with under- 
mined edges, some two inches deep, and maggots could be seen wriggling about. ‘The 
smell was very bad. 

We do not know whether the larvae originally entered through the anus or 
through a small lesion on the skin ; but the destruction of healthy structures is 
undoubted, and clearly the myiasis is of the specific type. Conil (1878) described 
a number of cases, due to his ‘ Calliphora anthropophaga.’ Assuming its identity 
with hominivorax, the evidence points to the larva being a specific parasite. ‘The 
first and second individuals in Conil’s series were both attacked in the nose, 
and there is no evidence in the long and careful clinical notes that there was any 
previous unhealthy condition. Laurence (1909) describes infestation of the 
nose, and here again there is no suggestion that the organ was unhealthy ; one 
of his specimens is preserved in the British Museum and is C. hominivorax. 

It appears to be impossible to discover what is the incidence of myiasis due 
to this insect. But one can obtain the number of cases of myiasis admitted as 
in-patients to public hospitals in certain Colonies and the mortality among 
those cases. In the official reports, no distinction is made between myiasis due 
to Cochliomyia and that due to Dermatobia, but one may assume that the Derma- 
tobia infestations are generally milder and that few of them are seen in hospitals. 
On the other hand, it is probably only the gravely infested who go into hospital. 

The figures shown in the following Table are extracted from the reports 
of the Surgeons-General of British Guiana and of Trinidad (with Tobago), and 
from the medical report of British Honduras. It will be observed that 179 
cases and 15 deaths have been recorded in the five years shown in the Table. 


This gives a case mortality of 8 per cent. 
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Table showing the number of cases of myiasis treated in public hospitals and the deaths among 
them in certain Colonies during the period 1926-1932 























Trinidad British Guiana British Honduras 

Year 
P Cases Deaths Cases Deaths Cases Deaths 
1928 10 0 4 0 5 0 
1929 62 8 17 l 0 0 
1930 26 5 3 0 0 0 
1931 21 0 ) 0 2 0 
1932 18 0 5 l 0 0 
Total 137 13 35 2 7 0 
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EXPLANATION OF PLATE 





A. Larva of Cochliomyia macellaria ¥. | 
B. Larva of C. hominivorax Coquerel. 


C. Anterior end of C. macellaria. 


ee > 


D. Anterior end of C. hominivorax. 


Note the thickened tracheae in B, and the ridged pharynx in C. 
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I INTRODUCTION 


The experiments of the present paper were devised with the object of 
throwing some light on the mode of action of quinine in its therapeutic effect 
upon Plasmodium cathemerium infections. ‘lhe strain of parasite used was the 
same as that employed in the work described in the first paper of this series, 
where it was stated to be a particularly suitable one for approach to the aspects 
of chemotherapy in mind on account of the intensive study and analysis to 
which it had already been subjected by previous workers. 


*These investigations were carried out during the tenure of a Rockefeller Medical 
Fellowship of the Medical Research Council of Great Britain. ‘The author is much in- 
debted to Dr. W. H. Taliaferro for his valuable advice, and to Dr. Clay G. Huff for many 
helpful suggestions. ‘The work was aided by financial support from the International 
Health Division of the Rockefeller Foundation and the Logan Fund of the University of 
Chicago. 
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It was first shown by L. G. Taliaferro (1925) that in infections with this 
strain* a complete cycle of asexual reproduction involving the formation and 
liberation of 15 to 16 merozoites takes place approximately every 24 hours, and 
that this rate of reproduction remains constant during all stages of infection, 
when sufficient parasites are present to allow of observation. ‘The findings with 
regard to the periodicity of the asexual cycle were confirmed later by a number 
of workers, among whom Hartman (19274) pointed out that the duration of the 
cycle was, indeed, exactly 24 hours. ‘Taliaferro’s work emphasized that the 
sweeping diminution in numbers of parasites that takes place during the crisis 
of an infection is due entirely to a powerful parasiticidal mechanism, and does 
not in any way involve retardation in growth or in the rate of reproduction of 
the parasites. In the light of this knowledge, it might be expected that a study 
of the rate of reproduction of parasites during the time that quinine is exercising 
its therapeutic effect would give some clue as to the mode of action of that drug. 
If growth of the parasites, and their reproduction rate, which are quite undis- 
turbed by the powerful parasiticidal factors of the crisis, are found likewise to 
be undisturbed by the influence of quinine medication, then this finding would 
lend strong support to the belief that the effect of quinine treatment is merely 
to activate or reinforce the machinery which is ordinarily employed by the host, 
in the absence of any treatment, to rid itself of an infection. If, on the other 
hand, it can be shown that the administration of quinine leads to an interference 
with growth and the reproductive cycle, then this would speak more for an 
attack upon the parasites, either by quinine itself or by some metabolite of the 
drug, independently of any impetus given to the normal defence mechanisms. 
A number of experiments was performed in order to investigate this matter. 


Il. QUININE TREATMENT AND THE ASEXUAL CYCLE OF 
P. CATHEMERIUM 


(a) clsexual reproduction in untreated primary infections 


It was found early in the course of the studies that in untreated infections 
a more precise synchronicity of development and sporulation of the asexual 
parasites could be elicited if care were taken that the alternation of light and dark 
be controlled so that these periods should each be of exactly 12 hours’ duration ; 
this is in accordance with what is already known with regard to the influence 
exercised upon the asexual cycle of malarial parasites, whether directly or 
indirectly, by light and dark (see Boyd, 1929a and 6; ‘Taliaferro, 1932). ‘The 
procedure was adopted, therefore, throughout the experimental series described 
in this contribution, of allowing all the infected birds to be exposed to light 


oe —- i ne 


*Taliaferro worked with two strains of parasite, both of which were named Plasmodium 
praecox in her paper, but they have since been given separate specific standing by Hartman 
(1927a). It is Taliaferro’s ‘ recently isolated strain ’ which is referred to in the main text 
above, and which is now properly known as P. cathemerium Hartman, 1927, 























only from 6 a.m. to 6 p.m. (Central Standard ‘lime), while from 6 p.m. to 6 a.m.* 
they were confined to a dark chamber. 

The course of the asexual cycle was followed by making blood films at 
appropriately frequent intervals and by reviewing, in each film, a definite number 
(50 or 100) of the asexual forms and noting the proportion of ‘ mature ’ schizonts 
present. ‘The choice of a criterion by which a schizont might be considered as 
‘mature ’ presented some difficulty, since it was desirable that the same standard 
should be adopted for the parasites both of treated and _ untreated 
infections, and (as will be shown presently) the administration of quinine was 
found considerably to alter certain important features of the parasites and their 
asexual cycle. ‘The expedient, adopted by Boyd (19296), of differentiating from 
other asexual parasites those schizonts in which it could definitely be determined 
that there was already a cleavage in the cytoplasm between the merozoites of 
the succeeding generation, was found by the writer to be too uncertain, since it 
was often very difficult to be sure of a cleavage in the cytoplasm of the schizonts, 
even at a time when sporulation was undoubtedly actively at its height, as evi- 
denced by the presence at the same time of numerous young merozoite forms 
and fully-grown schizonts. Also, the device of distinguishing from other schi- 
zonts those in which the nucleus had already divided into fragments beyond an 
arbitrary number (see ‘Taliaferro, 1932) could not usefully be employed for 
comparative purposes on account of the fact that the nuclei of schizonts of 
quininized infections, as will be explained below, did not break up into nearly 
the same number of fragments as do the nuclei of normal schizonts. It was 
decided, then, to consider as ‘ mature” schizonts those in which the nuclear 
fragments had already concentrated into compact and discrete masses, as distinct 
from the somewhat more diffuse and lighter-staining nuclear fragments of growing 
schizonts. ‘The criterion adopted admittedly has obvious shortcomings, of which 
perhaps the most serious is that it allows of a considerable range of personal 
latitude in the arbitrary fixing and maintaining of a standard to which the 
schizonts must conform in order to be considered as mature. However, after a 
short experience, the standard adopted, although arbitrary, probably becomes 
sufficiently constant for the individual observer, and the margin of personal 
error involved, not inconsiderable though it certainly may be, is yet not so great 
as to obscure the main lines of the phenomena studied. 

The infections of birds 89 and 90 of fig. 1, bird 201 of fig. 2 and bird 215 
of fig. 3 were allowed to run uninterrupted courses, and the graphs referring to 
these particular infections illustrate the normal asexual cycle in such cases. 
Blood films were taken at frequent intervals during the day and night, at the 
times indicated by the points on the graphs, which were constructed by plotting 
for each observation-time the number of ‘ mature’ schizonts present per 100 
asexual parasites. Detailed protocols are not here presented, since the graphs 





*The hours mentioned correspond, during the summer months, to 7 o'clock 
Daylight Saving Time. 
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give sufficient indication of the course of events. As may be seen, sporulation 
was at a maximum at about 4 p.m. every day, though it may be noted in passing 
that L. G. ‘Taliaferro, working with this strain in 1925, found the peak of sporu- 
lation to be some two hours later. ‘The explanation for this discrepancy need 
not be sought in any change undergone by the parasites, nor in differences in 
technique other than that ‘Taliaferro, who records her experimental work as 
having been carried out in the winter months, did not have her birds deliberately 
exposed to light at 6 a.m. every day, as were the birds of these series. If the 
period of light had, in the present series, been adjusted as from 8 a.m. to 8 p.m., 
there would certainly have been a correspondence with ‘laliaferro’s finding 
on the point in question. 


(b) Asexual reproduction during destruction of parasites by immune birds 


In fig. 1 comparison may be made between reproduction in normal primary 
infections (birds 89 and 90) and among parasites which are rapidly disappearing 
from the blood, after intravenous inoculation into birds which have become 
furnished with a powerful acquired immunity by virtue of previous infections 
(birds 78 and 79). It was seen that, while potent factors were evidently at 
work sweeping the parasites from the circulation of the immune birds, yet the 
rate of reproduction of those parasites was entirely unaffected. 

It needs to be pointed out that the graphs to which attention has so far been 
called merely show that reproduction continues to be synchronous, and that the 
cycle has not been delayed. ‘The additional finding, not indicated in the figures, 
that mature schizonts still appear to produce the normal number of merozoites, 
completes the evidence that the rate of reproduction is not affected (see 
‘Taliaferro, 1925). 


(c) Growth, morphology and asexual reproduction during daily quinine 
treatment 

The reproductive cycle among parasites in birds undergoing therapeutic 
quinine treatment is illustrated in fig. 2 (birds 202-207). ‘These birds were 
each treated by a daily intraperitoneal injection of 1 mgm. quinine hydro- 
chloride given at 4 a.m., the course being started the day after an intravenous 
inoculation of large numbers of parasites. ‘The purpose of infecting the birds 
by massive intravenous inoculation immediately before the treatment was to 
ensure that there should be present in the peripheral blood a sufficient number 
of parasites for some days subsequently, in spite of the daily administration of 
quinine in doses of therapeutic size. The period of observation upon the asexual 
cycle began on the first day of treatment, and films were examined at the times 
indicated by the points on the graphs. ‘The untreated infection of bird 201 
(shown in the same fig.) served as a control for the findings in the treated infec- 
tions, for it was produced by intravenous inoculation at the same time as were the 
latter, and by parasites from the same source, equal amounts of the inoculum 
being used in all cases. 
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Fic. 2. Illustrating marked influence of daily quinine treatment of the host upon reproduction 
of P. cathemerium., 


It may be seen, on consulting the graphs, that the administration of daily 
quinine resulted in profound alterations in the features of the asexual cycle of 
the parasites. ‘There was a marked delay in reproduction, so that the peak 
of sporulating activity on the first day of treatment did not take place at 
about 4 p.m. as usual; indeed, there were usually no ‘ mature’ schizonts at 
this hour at all, and they did not even begin to appear until about 6 p.m. ‘The 
curve representing relative numbers of ‘ mature’ schizonts then slowly rises, but 
is very flattened as compared with a curve relating to normal activity, and, after 
having returned to zero or thereabout, by late morning or early afternoon of the 
following day there is no further pronounced rise in the curve, thus indicating 
the complete abandonment of synchronicity in development on the part of the 
parasites. At most examinations of blood films taken at any time after the 
second day of observation, it was possible, without an unduly prolonged search, 
to find several ‘ mature ’ schizonts. 

Examination of blood films during the 12 hours following the first admini- 
stration of quinine showed, even on casual inspection, that growth in size of the 
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parasites in the treated birds was markedly retarded as compared with growth 
in untreated infections, and there was also considerable vacuolation of the 
cytoplasm in the parasites of the former. With regard to the vacuolation, 
however, it is a curious feature, brought out by later experiments, that this is a 
prominent effect of quinine treatment only when the drug is given at about 
4 or 5 a.m. or earlier, when the parasites are all rather young. If the drug 
be given at 7 a.m. or later, although an interference with growth and reproduction 
is still prominent, there may be little or no vacuolation of the parasites. 

Another striking and probably highly significant characteristic of the repro- 
ductive events following on quinine administered at 4 a.m. is the fact that the 
number of merozoites formed by mature schizonts falls far short of normal. 
Instead of dividing into 15 or 16 parts as do the nuclei of normal schizonts, 
there were only about 3 to 6 fragments produced by the nuclei of the quininized 
parasites, and no schizont was observed to have more than 8 nuclear fragments.* 
It may be objected that it is difficult to assert that a given schizont has reached 
its ultimate stage of development, and this is undoubtedly a real difficulty. 
However, in most cases, in the treated infections one feels safe in assuming 
that a schizont will not develop further when the nuclear fragments are small, 
compact, dark-staining and widely separated, with the cytoplasm somewhat 
disrupted and already clearly appropriated to the newly-formed merozoites 
(this feature of cleavage of the cytoplasm being much easier to determine in 
the parasites of the quininized infections than in normal parasites). Further- 
more, before synchronicity of development has been entirely upset, one is 
somewhat confirmed in the belief that schizonts will not develop beyond a certain 
stage when it is seen that red cells are at the same time being freshly parasitized 
by newly-formed merozoites. Again, it is evident that if any significant numbers 
of schizonts do develop in the peripheral blood beyond the stages mentioned 
as having been observed in the treated infections, then at least some of these 
more developed schizonts should have been seen amongst the many thousands 
of parasites that were encountered. Subsequent experiments showed that the 
actual extent to which schizonts will develop appears to vary somewhat according 
to the time of administration of the drug (dosage being constant). ‘Thus, after a 
first treatment at 6 or 7 p.m., the average number of merozoites per schizont 
produced at the next sporulation is much higher than when first treatment is at 
4 a.m., while some few schizonts may even produce a normal complement of 
merozoites. Again, if the initial administration of the drug be later in the morning 
or in the early afternoon, after nuclear division has already become somewhat 





*Since completing this paper, but before sending it to the Editors, the writer has found 
that a closely similar observation has been reported in a preliminary contribution presented 
by Boyd on December 29th, 1933, at the ninth annual meeting of the American Society 
of Parasitologists. Boyd states that the administration of } to } mgm. of quinine per day 
to birds infected with P. cathemerium ‘ results in a consistent decline in the number of 
merozoites produced by a single schizont. In practically all cases studied this decline 
has continued to such a level that the number of parasites being produced was less than the 
number ordinarily destroyed by the host each day.’ 
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advanced, the average number of merozoites produced per schizont is also 
greater than would follow treatment administered at about 4 or 5 a.m. 


(d) Effect of a single dose of quinine upon growth and asexual reproduction 


In the case of birds 202 to 207 (fig. 2), the infections were all kept under the 
influence of quinine by daily treatment, and in this way the acute stages of in- 
fection were aborted and the therapeutic properties of quinine effectively 
exercised, though the preliminary massive intravenous inoculation of parasites 
was such as to enable sufficient of the latter to be observed for a number 
of days after the commencement of treatment. It is of much interest now to 
enquire as to the extent of effectiveness of a singe administration of the drug, 
which alone exercises no appreciable therapeutic influence on an infection but 
must be repeated in order to do so. Figure 3 illustrates the effect of giving 
a single dose of quinine to each of birds 216, 217, 218 and 219, during the 
course of their infections. ‘The birds had all been inoculated at the same time 
with infected blood from a single source which served also for the infection of 
the untreated control bird 215. On the 2nd day after observations on the 
reproductive cycle had been started, birds 216 and 217 were treated at 5 p.m. 
(that is, immediately after the height of sporulation) by intraperitoneal injection 
of 1 mgm. and 2 mgms. quinine hydrochloride, respectively. On the following 
day, at 5 a_m., birds 218 and 219 were likewise treated by intraperitoneal 
injection of 1 mgm. and 2 mgms. of quinine, respectively. 

Reference to fig. 3 shows again that quinine treatment effects a profound 
interference with normal reproduction. ‘There was a delay of many hours in 
the appearance of those schizonts which could be judged as unlikely to proceed 
to a further stage of development, this conclusion being supported, on inspection 
of the blood films, by the pronounced delay in the appearance within freshly 
parasitized red cells of young merozoites of the first generation after treatment. 
The interference with the asexual cycle was least marked in the infection of 
bird 216, which had been treated by the smaller dose of quinine at 5 p.m., 
for definite synchronicity of sporulation was re-established, with a peak at about 
the normal time in the afternoon, on the second day after treatment ; even here, 
however, the delay in reproduction the day after treatment is noteworthy and 
significant. ‘The parasites of bird 217, which had been treated at the same time 
as bird 216 but by twice as large a dose, may be seen to have suffered a con- 
siderably more marked and lasting interference with the asexual cycle. 

Of the two infections that had been treated at 5 a.m., nos. 218 and 219, 
there was in the latter, which had received 2 mgms. of quinine, a tendency 
on the part of the parasites to return to a synchronicity of development by the 
2nd day subsequent to treatment, and a day later this characteristic had already 
definitely been re-established. In the case of bird 218, however, which had at 
5 a.m. received only half as much quinine as bird 219, it is curious that there 
should have been a much more lasting derangement of the reproductive cycle, 
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Fic. 3. Showing duration of effect upon reproduction of a single intraperitoneal dose of 
quinine, variously given in amounts of | and 2 mgms. at 5 p.m. and 5 a.m. 


for synchronicity had not yet returned by the 5th day following treatment, 
on which day the bird succumbed. It is not possible, without repeating this 
experiment a number of times, to say whether or not it is a mere chance that, 
of the birds treated at 5 a.m., there should have been an earlier return to normal 
in the infection which had received the larger dose of quinine. 

In order to represent graphically the retardation in growth of parasites 
while under the influence of quinine, camera-lucida drawings were made of 20 
consecutive asexual forms in each of 5 blood films taken during the day of 
treatment from birds 218 and 219, which had received 1 and 2 mgms. quinine, 
respectively, atS a.m. ‘The films were taken at 5 a.m., 9 a.m., 12 noon, 3 p.m. 
and 7 p.m., and at the same times films were also taken and drawings similarly 
made of 20 consecutive asexual parasites in each slide, from the untreated 
control bird 215. An index to the size of the asexual parasites of each film was 
obtained by determining the product of the approximate average length and 
average breadth of the outlines of each of the 20 parasites drawn, the sum of the 
numbers thus obtained being divided by 20 (see Taliaferro, 1925) ; the averages 
so reached were plotted to construct the graphs of fig. 4. Reference to this 
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Fic. 4. Showing the influence of a single dose of quinine upon growth of P. cathemerium. 


figure shows at a glance how the parasites of the untreated infection grew steadily 
in size until 3 p.m., after which time there was a precipitous drop in the curve, 
due to the liberation of the next brood of merozoites ; meanwhile, the parasites 
of the treated infections increased in size at an extremely slow pace, and had not 
undergone any reduction in average size by 7 p.m. 


(e) Significance of the changes in the asexual cycle induced by quinine treatment 


Summing up the above experiments, then, it is shown that, when an infection 
of P. cathemerium is checked by quinine treatment, there is a profound inter- 
ference with the asexual reproductive cycle. Growth of the parasites is retarded, 
there is a delay in reproduction, and the number of merozoites produced at 
sporulation falls far short of normal, while the characteristic synchronicity of 
development is entirely lost. ‘he experiments of fig. 3, in which infections were 
treated by a single dose of quinine, show why treatment must be continued over 
some days in order to exploit to therapeutic advantage the effects of the drug 
upon the parasites, for the normal cycle of events usually reasserts itself within 
a few days subsequent to a single administration of the drug, though the dis- 
turbance apparently may sometimes last at least 5 days. 

The effects upon the parasites of quinine treatment are in striking contrast 
to the conditions which obtain when a ‘ superinfection’ is checked by virtue 
of the acquired immunity of a latently-infected bird. In the latter case there is no 
interference whatever with the reproductive cycle, in spite of the fact that the 
destructive influences acting upon the parasites are far more powerful than the 
aggregate harmful factors operating upon the parasites in a quinine-treated 
infected bird unfurnished with any degree of acquired immunity. ‘That the 
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anti-malarial forces at the command of an immune bird are considerably 
greater than those available to a bird during quinine treatment of the earliest stages 
of an infection is obvious from the fact that there is a very much more rapid 
disappearance of parasites from the peripheral blood in the former case than in 
the latter, after large numbers of parasites have been introduced intravenously. 

It must be quite clear, then, in view of the profound disturbance produced 
in the reproductive cycle, that the therapeutic effects of quinine cannot be attri- 
buted to an activation, stimulation or enhancement of the machinery which 
ordinarily comes to the service, eventually, of an untreated infected bird, and 
which is so powerfully operative at the crisis of an infection and in latently- 
infected birds, for the effective operation of this machinery brings about no change 
whatever in the asexual cycle. ‘The mode of therapeutic action would seem, rather, 
to consist in an assault by quinine, or a derivative thereof, upon the parasite 
itself, involving a marked inhibition in growth and reproduction, so that the 
host is clearly at a great advantage, as compared with an untreated host, 
in coping with the invaders. Although it does not seem to be necessary, then, 
to postulate any stimulation by quinine of the normal defence mechanisms, 
whether residing in the macrophage system or elsewhere, the experiments 
described cannot altogether exclude the coincident operation of such a factor, 
which, if it does exist, however, can only be of subsidiary importance and 1s 
completely masked by the obviously more profound effects exercised directly 
upon the parasite. 

Incidentally, the asexual cycle of parasites has been watched during the daily 
administration to infected birds, in sub-lethal doses, of arsphenamine (salvarsan), 
a drug which, though of great therapeutic value in other protozoal infections, is 
entirely without this property against P. cathemerium. No change whatever in the 
features of the asexual cycle was observed. 


Il. IS QUININE ITSELF, OR AN IN VIVO DERIVATIVE, 
RESPONSIBLE FOR THE EFFECTS OF TREATMENT? 


The question now arises as to whether the deleterious agent acting upon 
the parasites is indeed quinine itself, or some metabolite produced by or in the 
tissues of the host, as a result of administration of the drug. ‘The im vitro experi- 
ments of Kirschbaum (1923), subsequently confirmed, in general, by other 
workers, have frequently been put forward in support of the commonly-held view 
that quinine does not act in an unaltered form upon the parasites. Kirschbaum 
incubated at 38° C. equal amounts of a solution of 1: 5,000 quinine and blood 
containing P. vivax. At the end of 24 hours the parasites had not been destroyed, 
for it was possible to infect fresh cases by inoculation of the incubated quininized 
blood. ‘The writer has found that P. cathemerium will resist an incubation 
(at 39° C.) with quinine in even as high a concentration as 1 : 500 for 1 hour, 
since the parasites are still infective, after this treatment, when inoculated by the 
intravenous route. There is, however, an obvious objection to advancing these 
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experiments as evidence against a direct action of the drug im vivo, for the con- 
centrations of quinine referred to in the above studies are such as merely allow 
the malarial parasites to retain their viability ; the critical concentration that 
should be sought for is that which would affect subsequent im vivo growth 
and reproduction of the parasites rather than that which will destroy them 
completely. If an 7m vitro exposure to quinine, in extreme dilutions, were to 
atfect the parasites in such a way that, on subsequent re-introduction into the 
circulation, changes would be observed in them corresponding to those following 
on the administration of the drug to the infected host, then this would lend strong 
support for the belief that the effective agent which acts upon the parasites 
in vivo is unaltered quinine itself ; the part played by the host would then simply 
be to remove the parasites which have already been directly attacked and injured 
by the quinine itself. It seemed to the writer that this line of investigation 
should be followed before deciding against the possibility of a direct 7 vivo action 
of quinine. 

In order to put the matter to experimental enquiry, the procedure adopted 
was to incubate, at 39° C., defibrinated, heavily-parasitized blood, together 
with varying concentrations of quinine, at some time during the morning. At 
the end of the period of incubation, the parasites were inoculated intravenously 
into clean canaries, so that they could easily be found in blood films made 
immediately afterwards ; examinations were then made at frequent intervals 
during the afternoon so as to determine whether the direct exposure of the 
parasites to quinine in various dilutions had resulted in any subsequent delay in 
sporulation, as compared with control parasites which had been submitted to 
in vitro operations of an exactly similar nature except for the omission of quinine 


from the tubes. 


(a) Duration of in vivo anti-plasmodial environment subsequent to a_ single 
injection of quinine 


Preliminarily to the experiments outlined in the preceding paragraph, 
however, and in order to find a possible index as to the time intervals which 
should be occupied by the im vitro exposures contemplated, it was considered 
worth while to form some idea as to the length of time during which the anti- 
plasmodial agent continues to be able ‘to exercise itself subsequent to the 
administration of a dose of quinine. ‘The question raised is not how long do 
parasites continue to show the effects of a treatment (see experiments with birds 
215 to 219, fig. 3), but, assuming that the effective agent zm vivo is either quinine or 
a derivative thereof, for how long following a single treatment does this substance 
continue to be in sufficient concentration, or in the appropriate strategic iocation 
to produce the desired effect upon growth and reproduction of the parasites. 
‘The answer to this question was sought by giving doses of quinine to uninfected 
birds at some time during the morning, and by following these up, at varying 
intervals, with heavy intravenous inoculations of parasites, the subsequent 

















267 


growth and sporulation of which were studied during the afternoon. In this way 
it should be possible to form some idea as to how long after an administration of 
the drug the environmental conditions within the host would continue to be 
inimical to normal development and reproduction of the parasites. 

Table I shows the results of one experiment among a number of this nature. 
The dose of quinine employed was 2 mgms., and this was given intraperitoneally 
to birds 58 to 60, at 7, 8 and 9 a.m., respectively. At 11 a.m. (i.e., 4, 3 and 2 
hours subsequent to the administration of the drug) the birds were inoculated 
intravenously with very large numbers of parasites, and control birds 61 and 62 
were similarly inoculated at the same time. Bird 61 was treated with 2 mgms. 
of quinine immediately subsequent to its inoculation, while the other bird 
remained untreated. Examinations of blood films were then made during the 
afternoon, and the ‘Table indicates the results of these examinations. Instead 
of noting the percentages of ‘ mature’ schizonts in this ‘Table, the percentages 
of young merozoites have been recorded. 

TaBLe I 


Illustrating subsequent sporulating activity among parasites inoculated at varying intervals 
after treatment of the host 





Interval between adminis- Percentage of young merozoites in films made at 

Bird _ tration of quinine (2mgms.) hourly intervals 
number and intravenous inoculation, 
at 1l a.m., of parasites. 4p.m. 5p.m. 6p.m. 7p.m. 8p.m. 9p.m. 10 p.m. 











58 4 hours 36 71 95 100 100 100 

59 3 hours 2 32 49 91 98 100 99 

60 2 hours ] 6 13 63 84 70 88 
2 (61 Quinine given immediately 
5 4 after inoculation 0 2 12 13 18 21 48 
§ { 82 No quinine given 43 86 94 98 100 100 





It will be seen that the administration of 2 mgms. of quinine resulted in 
conditions which, even as long as 3 hours later, still effected a definite retardation 
in reproduction of the parasites. Additional evidence for this conclusion, 
beyond the details presented in the ‘Table, was offered, on examination of the 
blood-films, by the fact that the number of merozoites produced per schizont 
by the parasites of birds 59 and 60 was plainly less than normal. 

One may say, then, that subsequent to the intraperitoneal administration 
of 2 mgms. of quinine to an infected bird parasites would be exposed within the 
host to special anti-plasmodial influences initiated by the drug for at least 3 hours. 
It may be pointed out that it is easy to confuse two separate time factors in con- 
sidering the lesson of the above experiment—the one is the time during which 
an environment harmful to the parasites is maintained, and the other is the time 
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during which the parasites must be exposed to this environment in order 
to be affected. ‘To make the position more clear, let us assume that the anti- 
plasmodial environment continues to exist for 5 hours subsequent to an infection 
of 2 mgms. of quinine and that, in order for the parasites to be sufficiently disturbed 
by this environment, an exposure of 2 hours is necessary. Referring to the above 
experiment, then, in bird 58 the anti-plasmodial environment would remain 
from 7 a.m. to 12 noon; the parasites, being introduced at 11 a.m., would be 
exposed to its influences only for 1 hour, and thus are unaffected. In the case 
of birds 59 and 60 the specific environment would continue till 1 and 2 p.m., 
respectively, so that the parasites introduced at 11 a.m. would be exposed to the 
harmful factors for 2 and 3 hours, and therefore they do show the effects referred 
to. It is on these grounds that one cannot go beyond the conclusion that, when 
a dose of 2 mgms. of quinine is administered intraperitoneally, the special 
unfavourable environment for malarial parasites which is produced lasts for at 
least 3 hours ; the period may, actually, be of considerably longer duration. 

Quinine doses in varying amounts and administered by various routes do, 
as might be expected, result in differences in the subsequent minimum period of 
time during which an environmental complex unfavourable to the parasites is 
maintained. For example, if reference be made to Table II, it will be seen that, 
where the dose of quinine employed is 1 mgm. intraperitoneally, the period under 
consideration is about 1 hour, and where the same dose is administered intra- 
venously*, the period is, perhaps, nearly an hour longer. 


Tasie II 
Illustrating subsequent sporulating activity among parasites inoculated after administration 
of quinine to the host by different routes 





Interval of time 

















Route of ; a . 
Bird ti between administra- Percentage of young merozoites 
hese tion of quinine and 
number | injection intravenous inocula- 
(1 mgm.) tion, at 11 a.m., of — _— _— _ 
parasites Ove p.m. t p.m. ve p.m. i p.m. 
606 | intraperitoneal 2 hours 21 66 | 75 | 98 
608 1 hour 0 10 26 | 55 
605 intravenous 2 hours 4 46 49 | 92 
607 1 hour bs 5 | 13 | 38 
609 No quinine given 15 58 72 100 








*A bird will tolerate an intravenous injection of as much as | mgm. of quinine in 
normal saline only if the drug is in sufficiently dilute solution and if the injection is given 
very slowly ; the solution was adjusted so that the dose of 1 mgm. should be contained in a 


volume of 0:5 c.c. 
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Evidently, then, it may be necessary in the experiments involving 7 vitro 
exposure of parasites to quinine, to maintain the incubation for periods of at 
least some hours, if useful conclusions are to be drawn, and attention may now 
be turned to those particular experiments. 


(b) Experiments involving in vitro exposure of parasites to quinine 


Blood containing large numbers of parasites was taken from infected birds 
and defibrinated by stirring with a glass rod at the times in the morning 
indicated by the second column of ‘Table III. Into each of a number of 
small sterile glass tubes was then placed 0-45 c.c. of either this heavily in- 
fected blood alone or else a mixture with it of uninfected citrated blood ; there 
was then added to each tube 0-05 c.c. of a solution of quinine in_ saline. 
Obviously, the concentration of quinine to which the parasites were exposed 
would be one-tenth that of the quinine-saline solution added in each particular 
tube. ‘The incubations were conducted at 39° C., and, immediately on com- 
pletion of these, part of the mixture from each tube was inoculated intravenously 
into a clean bird and observations made on the subsequent development of the 
parasites, by making blood films at appropriate intervals during the afternoon. 
No steps were taken to remove the quinine from the mixture before inoculating 
the treated parasites, since it was desired to reduce the duration of the 7 citro 
operations after incubation to a minimum, and to subject the parasites to as 
little mechanical interference as possible ; therefore, the amounts of the mixtures 
which were inoculated were so adjusted in each case that not more than 
0-2 mgm. of quinine was introduced into any bird, it having been confirmed 
in preliminary experiments that intravenous injection of this amount of quinine 
does not interfere with the morphology or development of the parasites to any 
appreciable extent. 

The results of some of these particular experiments are shown together in 
Table III below. ‘The first point to which attention should be drawn in con- 
sidering the results is that, even among the control parasites, which had been 
incubated in the absence of quinine, there was a very definite subsequent delay 
in sporulation 7m vivo (compare figures in control sections with figures for bird 
62 in ‘Table I). This unfortunately limits the value of the experiments, where 
the object is to relate the presence of quinine to delay in reproduction. However, 
it may still remain of some value to determine the zm vitro concentration of quinine 
which will cause subsequent 7m vivo sporulation of the parasites to be even more 
delayed than is the case with the control parasites. The scope of the experiments 
is yet further limited by the fact that it is not possible to make useful records 
of the events following on 7m vitro exposure of more than 2 hours, for the reason 
that evident degeneration was noted in the parasites of the control unquininized 
tubes after inoculation subsequent to more than 2 hours’ incubation, and the 
delay in reproduction in these parasites was then very considerable. It was 
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found that these difficulties could not be overcome by altering slightly the tem- 
perature of incubation or by the addition of glucose to the tubes. However, 
it may be seen now, on reference to ‘l'able III, that, where the zm vitro exposure 
of parasitized blood had been to 1 : 5,000 quinine for 1 hour, there was hardly 
any significant delay in the subsequent sporulative activity of the schizonts, as 
compared with parasites in which the 7m vitro operations had involved no contact 
with quinine, and the finding appears to be somewhat similar in cases where the 
incubation had proceeded for 2 hours. 

Several series of incubations were also carried out over a period of 4 hour, 
but these are not indicated in Table III, for the relative number of mature 
schizonts, and not of merozoites, was noted, and the introduction of the figures 
obtained might lead to confusion in consulting the Table. It must be recorded, 
however, that in these series no delay whatever in sporulation was detected 
among parasites from the control tubes containing no quinine, while the minimal 
concentration of quinine which proved to be effective in delaying sporulation was 
certainly not less than 1 : 4,000. 

The parasites are, then, substantially hardly affected at all, as far as repro- 
duction at the next asexual generation is concerned, by an im vitro exposure 
to quinine in as relatively high a concentration as 1 : 5,000 for periods up to 2 
hours, when compared with parasites held for equal lengths of time in control 
tubes containing no quinine. It does not seem likely, therefore, arguing within 
the limitations of these experiments, that the interference with reproduction 
following on quinine treatment of the host can be due to the direct action on the 
parasites of unaltered quinine in the blood stream, since, in the light of the 
experimental findings of other workers, it would appear to be extremely unlikely 
that a concentration of quinine as strong as 1 : 5,000 could remain in the blood 
stream of an animal for any considerable length of time. ‘There are, indeed, 
many reports which justify the belief that the greater part of a quinine dose is 
destroyed or excreted by a host very shortly after its administration. ‘Thus 
Hatcher and Weiss (1926) state that 95 per cent. of an intravenous dose of 
quinine leaves the blood, in the cat and dog, within 5 minutes, and the greater 
part of this in 2 minutes ; somewhat the same finding, in the cat, was also noted 
by Rona and Bloch (1921), while Ramsden, Lipkin and Whitley (1918) claim 
that in man 90 per cent. of the quinine injected intravenously disappears from 
the blood within one minute. With regard to the amounts of quinine that may 
be present in the blood of man after oral administration, to quote only most 
recent reports in this field, J. H. St. John (1932) has found that after a single dose 
of 30 grains the maximum concentration which may be expected to appear 
in the blood is about 1 : 166,000, and after a course of 10 grains 4-hourly, a con- 
centration may be reached of somewhat above 1 : 100,000, which is pointed out 
by Vedder and Masen (1931) to be near the toxic limit of the drug to man. 
Taking the conclusion of Hatcher and Weiss, and assuming that birds react 
in this connection similarly to the cat, dog and man, then following on an intra- 
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venous dose to a canary of 1 mgm. of quinine, which is the maximum amount 
tolerated intravenously, there would not be a concentration greater than | : 20,000 
in the blood after as short a period as 5 minutes from the moment of injection 
(since the total amount of blood in a canary is only about 1 c.c.) ; it seems also 
to be a fairly safe assumption that the concentration of quinine attained in the 
blood at any time after a strong intraperitoneal injection must also fall far below 
the figure of 1 : 5,000. 


(c) Attempts to detect an anti-plasmodial factor in blood and tissues of 
guininized birds 


Attempts were made to demonstrate in the blood or certain organs of 
canaries, after a strong dose of quinine, the presence of effective amounts of the 
drug, or of a readily diffusible metabolite. Subsequent to the administration 
of quinine to uninfected birds, inoculations of large amounts of their blood, or 
emulsions of their spleens and livers, were made into acutely infected birds, and 
films of the latter were examined in order to determine whether any interference 
with asexual reproduction of the parasites had been brought about by the 
inoculations. Such an effect would be evidence of the presence of effective 
amounts of quinine, or an active derivative thereof, in the blood or organs of the 
birds to which the drug had been given. ‘The experiments of this type which 
were carried out are summarized in ‘Table IV. 

The dose of quinine employed was 2 mgms. given intraperitoneally, and the 
birds free from evident infection* were killed, during the morning, variously 
1 hour, 2 hours and 3 hours subsequent to the administration of the drug. From 
some of these birds there was taken as much blood as could be removed (the birds 
being sacrificed by section of the internal jugular vein), and comparatively large 
amounts of this blood were inoculated, either intraperitoneally or intravenously, 
into birds with acute infections. Where the blood was _ intraperitoneally 
injected, this was done immediately, without any preliminary treatment and before 
it had time to clot, amounts up to 2:1 c.c. being used. In the case of the intra- 
venous injections, it was necessary to include sufficient sodium citrate to prevent 
clotting during the operations, the citrate used being in very strong solution 
so that only a small volume would be required ; the amounts of blood (just under 
1 c.c.) inoculated intravenously were, of course, necessarily less than could be 
introduced intraperitoneally. From other of the quininized birds the livers or 
spleens, or both, were removed, pounded into a fine emulsion with a little saline 
and then introduced intraperitoneally, by means of a syringe and a large-bore 
needle, into the acutely infected birds ; the organ emulsions were inoculated with 
or without blood, also from previously treated birds, in the amounts and combina- 
tions indicated in the Table. Blood films were taken and examined at hourly 








* Actually, nearly all the birds used were, for the sake of economy, latently infected, 
but there is no reason to believe that the results obtained would have been in any way 
different if uninfected birds had been employed. 
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‘TABLE IV 
Showing time-intervals, routes of injection, and amounts and combinations of blood and 
organ-emulsions from quinine-treated birds inoculated into acutely infected birds 





Interval between admini- 






























































stration of 2 myms. quinine Amount of blood or organ-emulsion inoculated Route of 
and removal of blood or into infected bird, and combination used inoculation 
organs 
nine 0-96 c.c. blood (from 2 birds) -+ sod. citrate Iv 
1-9 c.c. unaltered blood (from 3 birds) a Ip 
3 hours 4 whole spleens at © Ip 
2 whole livers anes: Fy ‘the i 
2 spleens + 2 livers + 1:1 cli blood - i? Ip ies 
= _ 0-91 c.c. blood (from 2 birds) -}+ sod. citrate ; _ “ 
1-1 c.c. unaltered blood (from 2 we os ein - 
2 hours 4 whole spleens ; » on 
2 whole livers - ~Guemuan Ip 
2 spleens -++ 2 livers + 0-9 c.c. sential blood of — a 
. ; 0-98 c.c. blood (from 2 birds) enamel ‘ie Iv 
2-1 c.c. unaltered blood (from 3 birds) 2 . 
+ hour $$ |—_—_—__— 
4 whole spleens Ip 
2 spleens -}+ 2 livers ++ 1-2 hci unaltered blood ia " 7 
Iv = intravenous inoculation Ip = intraperitoneal inoculation 


Notes.—Most of the amounts mentioned above represent the absolute limits of tolerance for such 
inoculations. 
A canary may be inoculated intravenously with amounts of fluid of slightly more than 
1 c.c., if the injection be made slowly. 


intervals during the afternoon from the infected birds in order to determine 
whether any delay in, or interference with, sporulation of the parasites had been 
brought about. 

Since the total amount of blood in the circulatory system of a canary is, 
as has been pointed out above, only about 1 c.c., therefore, where the inoculations 
into the infected birds were of blood, the amounts were in some cases almost, 
and in others much more than, equivalent to the total volume of blood ordinarily 
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present in a single bird. As much as 2 mgms. of quinine had been administered 
to each of the birds, from which blood was later inoculated into an infected bird, 
so that it might be expected that if a significant concentration of quinine or a 
readily diffusible active metabolite were to remain present in the circulating blood 
at the time of its withdrawal (4 hour to 3 hours after treatment), then introduction 
of this charged blood, in the amounts stated above, into an infected bird, even 
allowing for the dilution that would thus be effected, should provoke some 
disturbance in asexual reproduction (since a treatment of about 0-5 mgm. 
is sufficient to secure this effect). However, in no case was the slightest influence 
exercised upon the course of asexual reproduction. Likewise, there was not the 
slightest disturbance in reproduction subsequent to the inoculations containing 
organ emulsions. 

It may be said, then, that although specific inimical influences towards 
the parasites continue operating within the host for at least several hours subse- 
quent to a treatment of quinine in a dose of therapeutic size (pages 267 and 268), 
yet an adaptation of the principle used for establishing this fact has failed to 
demonstrate the presence of effective amounts of the drug, or a derivative, in the 
blood, spleens or livers of treated birds from } hour to 3 hours after its 
administration in strong doses. ‘There is, of course, a number of possible 
explanations for the failure of this technique to demonstrate the presence of an 
active principle in the selected organs: for example, it may be that quinine, 
or an active metabolite, is bound to, or in the neighbourhood of, certain cells of 
the organ emulsion, and is not rapidly or completely dispersed after inoculation 
of the emulsion into other birds. Also, in considering the cases where liver 
tissues were included in the emulsion, it is to be recalled that Ramsden, Lipkin 
and Whitley (1918) showed that there is a substance in the liver which, on incuba- 
tion 7 vitro with quinine, destroys the latter, and this substance would, of course, 
have an excellent opportunity of coming into contact with any amounts of the 
drug which may be present during the process of preparing those particular 
emulsions. With regard to the possibility of production of an active, diffusible 
metabolite, another point is that such a substance may be elaborated and may be 
amenable to demonstration by the above technique, but perhaps it does not 
ordinarily make its appearance until a longer interval than 3 hours from the 
moment of treatment. 

The possibility still remains that quinine in an unaltered form (or an 
effective metabolite) may be concentrated in sufficient amounts at certain 
strategic localities, and may there exercise its effects upon the parasites. 
Ramsden, Lipkin and Whitley (1918) have, in fact, shown that quinine given in 
large doses accumulates in most of the tissues at very much higher concentrations 
than in the blood, and Hatcher and Weiss (1926) say that, after intravenous 
injection in the cat, the drug is rapidly fixed by the capillaries, from which as 
much as one-fourth of the total dose may be recovered by perfusion if the 
animal is exsanguinated within a few minutes. 
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Another possibility is that the effective principle, whether it be quinine 
or some other substance, may be held in some organ or system and slowly given 
out to the blood stream in small amounts over a prolonged period of time, and 
that it is these small amounts, acting during that time directly upon the parasites 
in the general circulation, which account for the therapeutic property of the drug. 
We know that although a large proportion of a quinine dose is destroyed and 
excreted and only a small part appears in the circulation, yet minute amounts 
may remain in the blood for long periods ; thus Hatcher and Weiss (1926) found 
traces of quinine in the blood of a dog more than 15 hours after treatment, and 
Ramsden, Lipkin and Whitley (1918) found that the excretion period of quinine 
in the human subject ranged from 41 hours (after a single dose by mouth) to 73 
days (after the last of a succession of large doses). Whether the small amounts of 
quinine, which must, then, be present in the general blood stream for many hours 
after a treatment, may, during that time, act directly upon the parasites to produce 
the changes in the features of asexual reproduction which have been described, 
could not be settled by the experiments of pages 269-71, for it was not possible to 
measure the subsequent effects upon the asexual cycle of minute amounts of 
unaltered quinine zn vitro after longer periods of exposure than 1 or 2 hours. 


IV. SUMMARY 


1. The administration of quinine hydrochloride, in doses of therapeutic 
size, to canaries infected with P. cathemerium, results in a profound interference 
with normal growth and reproduction of the parasites. In addition to morpho- 
logical changes described, growth is considerably retarded, and the rate of repro- 
duction is much reduced, partly on account of the delay effected in sporulation 
and partly for the reason that a much smaller number of merozoites is produced 
per schizont than in untreated infections; furthermore, the characteristic 
synchronicity of the asexual cycle is entirely upset. 

2. These effects of quinine treatment upon the parasites are in striking 
contrast to the facts that their growth and reproduction-rate, and the synchroni- 
city of the cycle, are quite unaffected by the powerful influences which cause 
their disappearance from the blood at the crisis of an untreated infection or after 
being introduced intravenously into immune birds. The inference is, then, that 
the mode of action of quinine cannot be primarily to call into active play or to 
accelerate the machinery which serves ordinarily to sweep parasites from the 
blood stream in untreated non-fatal infections. ‘There is probably an assault 
upon the parasites, either by quinine itself or some in vivo derivative, with the 
effect of limiting their growth and reproduction to such an extent that the host 
is at a very great advantage in coping with the infection, as compared with a 
host which has to deal with parasites growing and reproducing at the normal 
rate. 

3. Birds were treated by quinine at varying intervals before inoculating large 
numbers of parasites intravenously. By following the subsequent development 
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of the parasites on the same day, it was ascertained that an intraperitoneal 
injection of 2 mgms. of quinine results in an environmental complex within the 
host which is still unfavourable to normal growth and reproduction of the 
parasites as long as 3 hours, at least, subsequent to the injection. 

4. It is suggested that the fact of malarial parasites being able to retain their 
viability in the face of zm vitro exposure to quinine in strong concentrations 
is not a sufficient argument against the direct action of unaltered quinine in vivo. 
The critical concentration to determine in vitro is, rather, that which so affects 
the parasites that on re-introduction into the host they exhibit a subsequent 
delay in growth and reproduction, as they do when the drug is administered to 
the host. Experiments intended to answer this point were very much limited 
in value by the fact that there was a delay in subsequent im vivo growth and 
sporulation even in those parasites in which the zm vitro incubation (at 39° C. 
for 1 hour or more) had not involved any contact with quinine. However, 
it was found that the concentration of quinine required in vitro to cause a subse- 
quent delay in sporulation still greater than that of the control parasites, incu- 
bated in the absence of the drug, was about 1 : 5,000, after an exposure of 1 
or 2 hours. Where the zm vitro incubation lasted for only 4 hour, the control 
parasites showed no subsequent delay in sporulation, and the concentration 
of quinine required to produce a positive effect was not less than 1 : 4,000. 
Although, on account of the limitation mentioned above, conclusions drawn 
from these experiments must be accepted with particular reserve, the results 
are somewhat suggestive in support of the belief that the action of quinine 
in vivo is not a direct one on the part of the unaltered drug, for it is extremely 
unlikely, in view of the findings of other workers, that such very strong con- 
centrations as have just been mentioned could be maintained for any length 
of time in the blood stream. Nevertheless, minute amounts of quinine must, 
according to various reports, remain in the circulation for many hours after a dose 
of therapeutic size, and the present experiments have not disproved that these 
very small amounts may be able, during that time, to act directly upon the 
parasites to produce the changes described. 

5. An attempt was made to demonstrate the presence of quinine, or a 
readily diffusible active derivative, in the blood, spleen or liver of birds which 
had received strong doses of the drug. At intervals up to 3 hours after the 
quinine had been given, the birds were killed and large amounts of their blood 
and emulsions of the particular organs, either separately or in combination, were 
inoculated into infected birds, the parasites of which were then studied, later in 
the day, for evidence of a delay in sporulation. The results of the experiments 
were negative, and several possible explanations of this outcome are suggested. 
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CORRIGENDA 


‘Studies on chemotherapy in bird malaria. I: Acquired immunity in relation to 
quinine treatment in Plasmodium cathemerium infections,’ Vol. 28, No. 2, July, 1934. 

Page 158, lines 11-12, ‘Only | bird (no. 83) died during the course of treatment, and 
it is therefore not referred to in the Table’ should read ‘ Only 2 birds (nos. 81 and 83) 
died during the course of treatment, and they are therefore not referred to in the ‘lable.’ 

Page 158, lines 13, 18, ‘ bird 81’ should read ‘ bird 90.’ 
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REPORT ON A COLLECTION OF 
CERATOPOGONIDAE FROM MALAYA 


(Continued from page 194) 
BY 


J. W. S. MACFIE 
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Dasyhelea ampullariae sp.nov. 


A rather small, darkish brown species, with the legs and scutellum paler 
brown and last segment of antennae with a stylet. 

3, P—Length of wing, about 1-2 mm.; greatest breadth of wing, 0-3-0-4 
mm. 

Heap very dark brown. [yes hairy. Palpi brown to dark brown, short : 
segment 3 without pit; lengths of last three segments in both sexes about 
13, 7 and 10 units, respectively. Antennae very dark brown, blackish ; seg- 
ments sculptured. In male: segments 4-11 paler at bases, measuring in 
one specimen from 14 by 14 to 14 by 10 units ; 12-14 binodose, lengths about 26, 
23 and 21 units, respectively ; 15 about 32 (including stylet of about 5 units) 
by 9-10 units. In female: segments 4-14 from oval to flask-shaped, forming 
a continuous series, measuring in one specimen from 13 by 10 to 18 by 9 units ; 
15 longer, about 28 (including stylet of about 5 units) by 8 units. ‘The combined 
lengths of segments 11-15, 4-10 and 3-10 about 97, 94 and 107 units, respectively. 

THORAX almost uniformly dark brown, but shoulder areas a little paler. 
Scutellum paler than scutum, brown or yellowish-brown, not darker in middle ; 
bearing 8-10 bristles and about 4-9 small hairs. 

WINGs unadorned, veins slightly infuscated. Macrotrichia covering 
wing membrane, but leaving well-defined bare areas along veins. First radial 
cell obliterated ; second small, almost square in male, slightly longer in female. 
Fork of Cu in male at about same level as end of costa, in female slightly proximal 
to this level. Halteres with brown to darkish brown knobs—that is, containing 
a white substance, but more or less infuscated. 

Lecs almost uniformly brown, but the proximal segments of tarsi rather 
paler, and last segment entirely dark. In one or two specimens there are traces 
of narrow bands of a darker colour in middles of femora and tibiae. ‘T.R. in 
both sexes about 3. 

ABDOMEN dark brown. Spermatheca single, highly chitinized, retort- 
shaped, the body oval, about 70 by 50, and the duct portion chitinized for 
about 40u, and about 15, broad at its middle. Hypopygium (fig. 6) not very 
dark. Ninth sternite without bristles, only slightly produced in middle line 
posteriorly. Ninth tergite with usual pair of processes at each posterior angle, 
both sub-cylindrical, about same length, separate but contiguous, the ventral 
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Fic. 6. Dasyhelea ampullariae sp.nov.: hypopygium of male, ventral view. 


one hairy, the dorsal one bearing at its extremity a single bristle. Side-pieces 
normal ; claspers dark brown. MHarpes and aedeagus as shown in the figure, 
which represents their appearance in ventral view as seen under the microscope. 
Unpaired process of harpes with pointed extremity, not serrated. 


Malaya : Singapore, ‘ Bred from N. gracilis,’ 5.1926, 23g, 72° ; Thompson 
Rd. reservoir, ‘ Bred from larvae taken in N. gracilis,’ 26.4.1926, 129; and 
‘ Larvae taken in pitchers of N. ampullaria,’ 24.4.1926, 19 (C. Dover). Also 
Pahang, Gunong ‘Tahan Padang, “ at light,’ 8.1.1923, 12 (H. M. Pendlebury), 
probably the same species, but darker. 

This species resembles closely the African species D. nyasae Ingram and 
Macfie, of which it may be the Malayan counterpart, but is neither so large nor 
so dark, and the legs and scutellum are either without dark bands or almost 
without them. ‘There are also differences in the hypopygium. 


Serromyia pendleburyi sp.nov. 


A dark species, with the head, thorax, abdomen, and femora and tibiae 
of the hind legs very dark brown, and the fore legs mainly yellowish-brown ; 
only the femora of the hind legs armed with spines. 
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g—Length of wing, about 2-6 mm.; greatest breadth of wing, about 0-6 mm. 

HEAD almost black. Eyes bare, widely separated above. Palpi dark brown, 
with cylindrical segments: segment 3 without pit; lengths of last three segments 
about 27,15 and 21 units, respectively. ‘Torus very large and very dark : 
flagellum segments missing. 

‘THORAX almost black, shining. Scutal tubercle a minute knob. Scutellum 
almost black ; bearing 6 bristles and numerous small hairs. 

WinGs long and narrow, brownish, especially anteriorily, otherwise 
unadorned, without macrotrichia. Anal lobe poorly developed. Veins brownish. 
Costa extending nearly three-quarters length of wing; bristles on it scanty, 
and none over that part immediately anterior to first radial cell. Both radial cells 
well formed, the second nearly one and a half times length of first. M with 
petiole about the same length as cross-vein. Fork of Cu at about same level as 
cross-vein. Halteres with whitish knobs. 

Lecs with femora and tibiae of four anterior legs mainly yellowish-brown, 
with only knees and apices of tibiae somewhat infuscated ; those of hind legs 
entirely very dark brown. ‘Tarsal segments all yellowish-brown, but infuscated 
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Fic. 7. Serromyia pendleburyi sp.nov.: hypopygium of male, ventral view. 


at apices, and last segment almost entirely darkened. Hind femora much 
swollen ; hind tibiae slender, curved at base to fit over femora. All femora and 
tibiae bearing numerous black spine-like bristles ; hind femora in addition 
armed beneath along whole length with very numerous spines. ‘I’.R. about 1-8. 
Fourth tarsal segments short but not cordiform, nearly sub-cylindrical on four 
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anterior legs, cylindrical and longer on hind legs ; fifth not swollen, unarmed. 
Claws on all legs equal, small, about half length of last segment, bifid at ends. 

ABDOMEN very dark brown, not quite so black as scutum, shining. Hypopy- 
gium (fig. 7) very dark. Ninth tergite with scanty bristles, quite narrow 
posteriorily, bearing on posterior margin a pair of large hairy processes. Ninth 
sternite without bristles ; broadly excavated in middle line posteriorly. Side- 
pieces very dark, with few short bristles ; claspers very dark, much narrowed, 
but not pointed at ends. Harpes narrow flat rods with paler rounded ends. 
Aedeagus forming a wide arch. Membrane joining aedeagus to ninth sternite 
spiculate (not shown in fig.). 


Malaya: Pahang, Gunong Tahan Padang, 24.1.1923, 1g (H. M. Pendle- 


bury). 
Monohelea bellula sp.nov. 


A dark brown species, with the wings adorned with blackish markings as 
in M. tessellata, and the femora and tibiae of the hind legs entirely very dark 
brown, excepting the extreme base of the tibiae and a band near the apex of the 
femora which are yellowish-brown. 

3, 2—Length of wing in both sexes about 1:5 mm. ; greatest breadth of 
wing about 0-4 mm. in male, 0-55 mm. in female. 

Heap dark brown, with grey or silvery pruinescence. Eyes bare, separated 
above in male at any rate. Palpi darkish brown at end, paler at base: in male 
segment 3 without pit, and lengths of last three segments about 17, 12 and 16 
units, respectively. Antennae short in both sexes. In male, darkish brown at 
end, paler at base, plume brown: segment 3 large, with a very long stalk ; 
4-11 from 12 by 11 to 12 by 8 units ;_ 12-14 about 16, 34 and 26 by 6-7 units, 
respectively ; 15 about 26 by 8 units. In female, darkish brown, segments 
3-10 paler at base: segments 4-10 sub-cylindrical, from 12 by 7 to 13 by 6 
units; 11 about 20 by 6 units; 12-14 broader, sub-equal, about 20 by 8-9 
units; 15 about 24 by 8 units. The combined lengths of segments 11-15, 
4—10 and 3-10 about 103, 90 and 107 units, respectively. In both sexes the last 
segment of the antenna ends in a short process which bears a bristle just before its 
tip. 

THORAX dark brown, mottled with grey or silvery markings on which are 
dark brown spots corresponding to the points of origin of hairs, the general 
appearance somewhat similar to that in Culicoides schultzer ; without a spine or 
tubercle. Scutellum rather paler than scutum, more yellowish-brown, and 
slightly paler in middle and at sides than in intermediate areas ; bearing 6 bristles 
and a few (about 7) small hairs. Post-scutellum dark brown. 

WinGs with adornment apparently the same as that of M. tessellata (see 
Edwards, 1926) ; in male as in female. Wing of male much narrower than that 
of female. Veins yellowish or brownish. No macrotrichia in either sex. 
Fringe as usual; no fringe on alula. Costa extending about three-quarters 
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length of wing, rather further in female than in male. Bristles on costa scanty, 
especially in male: no bristles on distal part of R, or whole of R,,, in both 
sexes, and in male also none on proximal part of R,. Both radial cells long, 
sub-equal, second only slightly longer (5:4) than first. Median vein with a 
large fusiform swelling near base, which appears to be hollow and is larger in 
female than in male. Petiole of M rather longer than cross-vein. Fork of Cu 
slightly distal to level of cross-vein, more so in male than in female. Halteres 
with white knobs. 

Lecs with basal segments dark brown. Four anterior legs with knees 
pale, yellowish, and femora and tibiae darkish brown, but paler in middle 
(especially femora) than at ends. Hind legs with femora and tibiae mainly 
very dark brown, only a band a little before apex of femora, and the extreme base 
of tibiae paler, yellowish-brown. ‘Tarsal segments all a little infuscated at 
apices, and first at base also. Form of segments normal ; fourth tarsal segments 
sub-cylindrical, about as long as fifth. Hind tarsi with basal spine on first 
segment rather poorly developed : strong apical spines present—in male, one on 
first segment and a pair on second segment ;_ in female, one each on first, second 
and third segments, and a spine-like bristle on fourth segment. In both sexes 
claws on four anterior legs small, those on hind legs very long, nearly as long as 
(male) or longer than (female) last two tarsal segments together, with a short 
barb about one-quarter or one-fifth its length at base. ‘T.R. rather more than 2. 

ABDOMEN very dark brown distally, pale brown at base. Spermatheca 
not examined. Hypopygium (fig. 8) very dark brown. Ninth tergite with 
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Fic. 8. Monohelea bellula sp.nov. : hypopygium of male, (A) ventral view, (B) lateral view. 
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few bristles, much narrowed posteriorly, bearing at its posterior margin a median 
and two pointed lateral processes. Ninth sternite without bristles, slightly 
extended posteriorly in middle line. Side-pieces rather long, with few bristles 
of no great length: claspers very highly chitinized, much curved, with pointed 
ends. Median structures very dark and highly chitinized, complex, their appear- 
ances somewhat as shown in the figures. Harpes with bifid root-like processes, 
and curved posterior limbs which are serrated on their outer margins. Aedeagus 
with a funnel-like ventral prolongation best seen in lateral view. Between the 
aedeagus and the posterior border of ninth sternite is a strip of chitin shaped 
somewhat like the letter H with the posterior limbs much the shorter and 


broader. 


Malaya: Pahang, Gunong ‘l'ahan Padang, 5,500 ft., ‘at light,’ 20 and 
22.1.1923, 1g, 12; and Selangor, Bukit Kutu, 3,500 ft., 16.4.1926, 1g (H. M. 
Pendlebury). 

This insect may be distinguished from A. tessellata (Zett.) and other 
allied species with similar adornment of the wings, by the greater length of the 
first radial cell, and by the fusiform swelling on the median vein. 


Stilobezzia castanea sp.nov. 


Malaya: Selangor, Bukit Kutu, 3,500 ft., 18.4.1926, 12 (H. M. Pendle- 
bury). 

This brown specimen is probably the same as a species recently described 
by me from Sumatra. It resembles it in having the wings unadorned, the 
scutellum paler brown than the scutum, the legs almost uniformly brown, and 
the first tarsal segment of the hind legs without a basal spine. It is, however, 
rather paler in colour, and a little larger (length of wing about 2 mm.), and 
differs also to a slight degree in the following points :—antennal segments 4—10 
relatively longer : segments 4—10 from 25 by 6 to 30 by 6 units ; 11-14 sub-equal, 
about 38-43 by 5-6 units ; 15 about 54 by 5 units ; the combined lengths of 
segments 11-15, 4-10 and 3-10 about 217, 188 and 224 units, respectively ; 
scutellum bearing 5 bristles, no small hairs ; second radial cell over three times 
as long as first ; cross-vein slightly longer (7 : 5) than petiole of M ; fork of Cu 
perhaps slightly proximal to level of cross-vein. ‘T.R. about 2-3. 


Stilobezzia notata (de Meij.) 


Malaya: west coast, Langkawi Is., 18.4.1928, 12 (H. M. Pendlebury) ; 
Seremban, Meranti Rambaidann, 23.6.1933, 12 (C. Forton). The latter 
specimen, which is incomplete, probably belongs here, but the abdomen is 
discoloured, dark brown. 


Stilobezzia speculae sp.nov. 


A rather dark brown species (in the dried condition) with adorned wings, 
resembling in most respects S. dzroz Kieffer, but with the first radial cell normal. 
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—Length of wing, about 2-4 mm.; greatest breadth of wing, about 
0-75 mm. 

Heap very dark brown. Eyes separate above. Palpi very dark brown, 
excepting last segment which is quite pale: segments sub-cylindrical, lengths 
of last three about in proportions 6:3:5. Antennae brown, terminal segments 
darker, and all segments pale at base : segments 4-10 sub-cylindrical, armed with 
pointed spines shorter than the segments, ranging from 24 by 7 to 31 by 7 units ; 
11-14 elongate, from 47 by 6 to 53 by 6 units, 15 about 56 by 7 units. ‘The 
combined lengths of segments 11-15, 4-10 and 3-10 about 258, 195 and 231 
units, respectively. 

THORAX dark brown, mottled with paler markings which in some lights 
are silvery. Scutellum about same colour as scutum, paler in middle than at 
sides, in some lights appearing silvery in middle and at sides : bearing 4 bristles 
and a few (3) small hairs. Post-scutellum dark brown, showing in some lights a 
narrow, median, antero-posterior pale stripe. 

WinGs much as in S. birot or S. aberrans. Adornment rather ill defined : 
an infuscated area covering cross-vein, and reaching to costa, enveloping whole 
of first radial cell excepting extreme proximal and distal ends; a smaller and 
paler spot covering junction of R,,, with costa; and a faint cloudiness between 
end of costa and tip of wing. Macrotrichia present at periphery, at tip, in cells 
R, and M,. First radial cell well formed, longer than broad ; second large, 
over three times as long as first. Petiole of M about as long as cross-vein. 
Fork of Cu proximal to level of cross-vein. Halteres with brown knobs. 

Lecs brown, with darker brown bands. Knees dark. Femora of fore 
legs with two narrow bands, the one sub-basal, the other sub-apical ; femora 
of middle and hind legs infuscated at base, and with a well-defined sub-apical 
band. ‘Tibiae of all legs dark brown at apex, and with a narrow sub-basal band. 
Terminal segments of tarsi infuscated. ‘T.R. about 1-8. First tarsal segment 
of hind legs armed with a strong basal spine. Form of segments and claws 
normal. 

ABDOMEN mainly dark brown. Abdominal markings not distinct in dried 
specimen, but posterior margins of segments silvery, and middle segments 
at any rate adorned laterally with dark brown areas. Spermathecae not 
examined. 


Malaya: Kedah Peak, 3,300 ft., 10.3.1928, ‘ at light,’ 19 (H. M. Pendle- 
bury). 

This species resembles rather closely both S. biroi Kieffer and S. aberrans 
Johannsen, but differs from both in having the first radial cell well developed. 


Sphaeromias (Xylocrypta) javanensis sp.nov. 


A dark brown species with abundant grey or silvery pruinescence, with 
the wings smoky but paler at the base, with banded legs, all the femora and 
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fifth tarsal segments armed, and the claws on all the legs equal, large and barbed. 

°—Length of wing, about 2-5 mm.; greatest breadth of wing, about 0-85 mm. 

Heap very dark brown, with silvery pruinescence. Eyes bare, narrowly 
separated above. Palpi brown, palest at tip, small; lengths of last three 
segments about 17, 12 and 13 units, respectively, the third without a pit. Anten- 
nae with eight basal segments pale brown, at most a little infuscated at apex, 
and last five almost entirely dark brown, only the extreme bases paler : segments 
4-10 sub-cylindrical, from 16 by 9 to 20 by 7 units; 11-14 more elongate, 
33 to 38 by 6-7 units ; 15 about 44 by 6 units, without stylet. ‘The combined 
lengths of segments 11-15, 4-10 and 3-10 about 188, 120 and 148 units, 
respectively. 

‘THORAX very dark brown, with silvery pruinescence forming a pattern 
which on the anterior part of scutum consists of a broad median antero-posterior 
dark brown stripe, with on each side of it a rounded dark brown patch. Silvery 
areas dotted with dark spots marking the insertions of hairs. Scutal tubercle 
small, pointed. Scutellum very dark brown with silvery pruinescence : bearing 
numerous hairs but no large bristles. 

WINGs somewhat smoky excepting at base where they are paler, yellowish. 
Tip somewhat pointed ; anal angle a right-angle. No macrotrichia. Costa 
extending nearly to tip, but not quite so nearly as does M,. Radial cells well 
formed, long : second over twice as long as first. M just sessile, that is, forking 
at cross-vein. Fork of Cu well distal to level of cross-vein. Anal vein forked. 
Halteres with whitish knobs. 

Lecs yellowish-brown, with dark brown markings. All femora with dark 
brown band at apex, and trace of dark spot just beyond base. All tibiae with 
two dark brown bands, the one just beyond the knee, the other at apex ; the 
bands on the hind tibiae are more extensive than on the four anterior legs, the 
greater part of the segment being dark brown. Femora normal, not unusually 
swollen ; all armed with spines beneath, about 14-17 on fore legs, 8-9 on middle 
and hind legs. ‘T.R. about 2-2. Fourth tarsal segments short but not cordi- 
form: fifth not swollen, somewhat infuscated, armed with about ten dark 
pointed spines. Claws on all legs similar, equal, large, nearly as long as the last 
tarsal segment, each with a delicate basal barb. 

ABDOMEN dark brown, with abundant silvery pruinescence which covers 
practically the whole dorsal surface. No gland rods. Spermathecae_ two, 
moderately chitinized, oval, partially collapsed in the specimen examined, but 
probably about 160, by 105 and 110u by 90u: the duct chitinized for only a 
short distance, about 7-10x. 


West Java: Buitenzorg, ‘ at light,’ 16 and 17.4.1923, 3929 (H. M. Pendle- 
bury). 

This species is probably allied to S. insons Joh., a Sumatran species, in 
which, however, the femora and tibiae are described (in key) as ‘ largely dark,’ 
and the claws on the middle and hind legs as simple, 
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Sphaeromias (Xylocrypta) punctipes sp.nov. 


A somewhat chocolate-coloured species, with a more yellowish-brown 
scutellum, spotted femora and tibiae, all the femora and fifth tarsal segments 
armed, and claws on all the legs long, equal and simple. 

°—Length of wing, about 3-4 mm.; greatest breadth of wing, about 0-97 mm. 

Heap dark brown, slightly pruinescent. Eyes bare, broadly contiguous 
above. Palpi dark brown. Antennae mainly very dark brown, but torus, basal 
halves of first eight flagellar segments, and extreme bases of others paler brown : 
segments 4-10 sub-cylindrical, from 23 by 9 to 27 by 6-7 units ;_ 11-14 elongated, 
sub-equal, 65-72 by about 6 units ; 15 about 82 by 6 units, without stylet. ‘The 
combined lengths of segments 11-15, 4-10 and 3-10 about 355, 166 and 206 
units, respectively. 

THORAX chocolate-brown, partly shining, partly pruinescent; with the 
usual broad antero-posterior scutal stripes dark and shining, and the lines 
separating them and the other parts of the scutum paler, pruinescent, silvery 
or brownish. Scutal tubercle quite small. Scutellum dark yellowish-brown ; 
bearing numerous hairs, but no strong bristles. 

WINGs pale, unadorned, but tip a little infuscated ; without macrotrichia. 
Anterior veins not dark, yellowish. Anal angle not so rectangular as in the 
preceding species. Costa reaching almost to tip; but end of M, even closer 
to it. Radial cells well formed, long and narrow ; second over three times as 
long as first. M sessile, the distance from the point of forking to cross-vein 
about same as length of cross-vein. Fork of Cu well distal to level of cross-vein. 
Anal vein forked. Halteres with whitish knobs. 

LreGs mainly yellowish-brown, the tarsal segments paler than the femora 
and tibiae but more or less infuscated at apices. Femora and tibiae spotted with 
small dark brown patches which mark the points of insertion of spines, bristles 
and hairs ; the spots tend to coalesce on the distal halves of the femora, and on the 
hind legs form a broad, very dark brown band a little before the knee. Knees 
dark brown. All femora somewhat curved, not swollen, armed with spines— 
on the fore legs about 21 distributed along the distal three-quarters, on the 
middle and hind legs about 9-10 on distal half. ‘Tibiae and tarsal segments 
normal. ‘T.R. about 2-4. First tarsal segment of middle legs armed with 3-4 
spines in middle part of segment. Fourth tarsal segments short but not cordi- 
form, longer on fore legs than on others ;_ fifth armed with 10-12 black bluntly- 
pointed spines. Claws on all legs similar, equal, long, almost as long as the last 
tarsal segment (therefore longer on fore legs than on posterior four), simple. 

ABDOMEN very dark brown, with greyish pruinescence. Spermathecae not 
examined. 


Malaya: Selangor, Kuala Lumpur, 17.5.1926, 19 (H. M. Pendlebury). 
The spotted femora and tibiae of this species will serve to distinguish it from 
any of the other species of the genus from this region, 
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Palpomyia caesia sp.nov. 


Malaya: Selangor, Kuala Lumpur, 22.10.1922, 19 (H. M. Pendlebury). 

This is an almost black species with all the femora and the hind tibiae 
entirely very dark brown, the fore and the middle tibiae partly lighter brown, the 
halteres dark brown, and the fourth tarsal segments short but not cordiform. 
A full description of the species has been given elsewhere in a report (not yet 
published) on a collection of Ceratopogonidae from Sumatra. 


Palpomyia nigricans sp.nov. 


An almost black species, with all the tibiae very dark brown, the scutal 
tubercle very small, only the fore femora armed with spines, and the last tarsal 
segment unarmed. 

©—Length of wing, about 2 mm. ; greatest breadth of wing, 0-6-0-7 mm. 

Heap almost black. Eyes bare, separated above by a space of about 18x. 
Mandibles armed with about 6 strong teeth. Palpi very dark brown, short: 
segment 3 without pit ; lengths of last three segments about 18, 12 and 18 units, 
respectively. Antennae darkish brown, but torus yellowish-brown, and basal 
segments of flagellum paler than the rest : segments 4-10 sub-cylindrical, sub- 
equal, 18-19 by 6 units, armed with straight, tapering, brownish spines longer 
than the segments ; 11-14 elongate, sub-equal, but rather variable in length, 
about 44-54 by 5-6 units; 15 about 65-70 by 5-6 units. ‘The combined 
lengths of segments 11-15, 4-10 and 3-10 in one specimen about 268, 125 and 
154 units, respectively. 

THORAX almost black, shining. Scutal tubercle very small. Scutellum 
almost black, armed with 4-6 bristles. 

WINGs_ brownish, especially anteriorly, otherwise unadorned, without 
macrotrichia. Veins darkish brown. Costa extending about four-fifths length of 
wing. Radial cells well formed, second a little over twice as long as first. 
M sessile, distance from point of origin of M, to cross-vein about same as 
length of cross-vein. Fork of Cu at about same level as point of origin of M,, 
that is slightly proximal to level of cross-vein. Halteres with brown knobs. 

Lecs with all tibiae very dark brown. Femora of four posterior legs also 
very dark brown excepting for extreme bases and a narrow band a little before 
apex, which are yellowish-brown. ‘The sub-apical band on the femora is not so 
well developed on hind legs as on middle legs, and in one specimen (that from 
Bukit Kutu) is altogether wanting. Femora of fore legs yellowish-brown, 
slightly infuscated at apex, and sometimes in middle also. Femora of fore legs 
a little swollen. Femora of fore legs armed with two small black spines ; other 
femora unarmed. First two segments of tarsi yellowish-brown, last three dark 
brown. 'T.R.3. Fourth tarsal segments cordiform ; fifth not inflated, unarmed. 
Claws on all legs equal, small, barely half length of fifth segment, without barbs. 

ABDOMEN almost black. No spine-like processes on anterior margins of 
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tergites. Spermathecae two, highly chitinized, sub-equal, in the specimen 
examined about 74 by 59 and 63y by 55p, respectively ; the duct chitinized 
for a short distance, about 7p. 

Malaya: Pahang, Fraser’s Hill, 4,200 ft., 19 and 22.5.1932, 299 and 
17 and 26.6.1931, 329; Selangor, Bukit Kutu, 3,500 ft., 11.9.1929, 12 (H. M. 
Pendlebury). 


Palpomyia borneana sp.nov. 


An almost black species with yellowish-brown legs, of which the knees and 
the terminal segments of the tarsi are dark brown ; with a small scutal tubercle ; 
with all the femora slender and armed ; the fourth tarsal segments short but not 
cordiform ; the fifth armed ; and the claws all long, sub-equal and barbed. 
°—Length of wing, about 3-6 mm.; greatest breadth of wing, about 0-9 mm. 

HeApD almost black. Eyes bare; rather widely separated above. Palpi 
dark brown, segments sub-cylindrical. Antennae very long, torus dark reddish- 
brown, flagellum darkish brown, the first eight segments paler at bases: seg- 
ments 4-10 sub-cylindrical but rather broader at apex than at base, sub-equal, 
in the unique specimen about 33-34 by 7 units ; 11-15 much elongated, 105, 92, 
88, 91 and 91 by 6-7 units, the last segment without stylet. ‘The combined 
lengths of segments 11-15, 4-10 and 3-10 about 457, 214 and 264 units, 
respectively. 

THORAX almost black, shining. Scutal tubercle small, sharply pointed. 
Scutellum almost black, bearing 4 bristles and several small hairs. 

WINGs with distinct point slightly anterior to end of M,, brownish, otherwise 
unadorned, without macrotrichia; closely resembling those of Palpomyia 
grahami Ingram and Macfie. Veins, especially anterior ones, very dark brown. 
Costa extending about five-sixths length of wing, its ending not quite so near 
tip as is ending of M,. Both radial cells large ; second nearly four times as 
long as first. M sessile ; distance from fork to cross-vein greater than length 
of cross-vein (6:4). Fork of Cu at about same level as fork of M or base of 
first radial cell. Anal vein forked. WHalteres dark brown with almost black 
knobs. 

Lecs yellowish-brown, with knees (including narrow bands at apices of 
femora and bases of tibiae) and last three segments of tarsi dark brown. Basal 
segments also dark brown; and extreme base of femora infuscated, especially 
on hind legs. All femora and tibiae normal, slender ; all femora armed with 
spines, 2-3 on each. T.R. about 3. Fourth tarsal segments short but not 
bilobed, hardly cordiform, almost pear-shaped : fifth not swollen, armed with 
7-8 pairs of black blunt spines. Claws on all legs similar, two rather long 
slightly unequal prongs (the longer fully three-quarters the length of the last 
tarsal segment) which are fused at their bases, and on each side of them a small 

















290 


stout basal barb (see fig. 9). As is so often the case, the form of the claws is 
difficult to make out satisfactorily, and might easily be misinterpreted. 

ABDOMEN rather slender, especially in the middle, almost black, shining. 
Spermathecae not examined. 


f 


Fic. 9. Palpomyia borneana sp.nov. : claws of fore leg of female, (a) lateral view, (B) dorsal view. 














North Borneo: near Sandakan, 24—25.8.1927, 19 (C.B.K. & H.M.P.). 

This species is closely allied to Palpomyia béttcheri Edwards, but the legs 
are less extensively adorned with dark brown markings. Its characters are like 
those of P. Léttcheri, as noted by Edwards, intermediate between Palpomyia and 
Sphaeromias (Xylocrypta). Following Edwards, it is for the present retained 
in Palpomyia, but the claws are of course entirely unlike those of a typical member 


of the genus. 
Nilobezzia conspicua Joh. 


West Java: Buitenzorg, ‘at light,’ 15 and 16.4.1923, 299 (H. M. Pendlebury). 
Nilobezzia raphaelis (Salm.) 


West Java: Buitenzorg, ‘at light,’ 15 and 16.4.1923, 299 ; and Tjisoeroepan, 
‘ at light,’ 24.4.1923, 19 (H. M. Pendlebury). 


Stenoxenus insigninervis sp.nov. 


A dark amber-brown species, with the legs mainly yellowish-brown, but 
having the terminal segments of all the tarsi infuscated, and the entire tarsi 
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and the distal portions of the tibiae dark or very dark brown on the fore and hind 
legs. 

°—Length of wing, about 3-5 mm.; greatest breadth of wing, about 0-95 mm. 

Heap very dark brown, blackish; slightly broader than thorax. [Eyes 
bare, widely separated above. Palpi darkish brown. Antennae with torus 
sub-spherical, brown ; flagellum very dark brown, basal segments sub-cylindri- 
cal, about twice as long as broad, and the last five more elongate. 

‘THORAX dark amber-brown, shining, not produced over the head and with- 
out anterior tubercle ; sparsely clothed with short hairs. Scutellum a paler 
brown than scutum. 

WINGs iridescent, unadorned, but anterior veins and anterior margin 
slightly brownish ; without macrotrichia. ‘lip rounded. Fringe well deve- 
loped, wanting at the extreme base. Venation as usual, similar to that of 
S. coomant. Costa reaching tip of wing. Anterior branch of R slightly concave 
toward base as in Macroptilum, joining costa before level of middle of M,, at 
about level of junction of its proximal and middle thirds, and thus at about same 
level as end of Cu,. R,4, joining costa at tip. Radial cell well formed, basal 

portion very narrow. Cross-vein extremely short, and therefore much shorter 
than length of basal portion of M,. M sessile, as in S. coomani. Fork of Cu far 
proximal to level of fork of M. Anal vein forked, the anterior branch long, 
reaching almost to wing margin. Anal angle very obtuse. Halteres with brown 
knobs. 

Lecs as usual, slender, moderately hairy, the hind pair longer than the 
others, but not excessively longer as in Calyptopogon. Middle legs almost 
entirely yellowish-brown, only the last 2-3 tarsal segments infuscated. Fore 
and hind legs with femora yellowish-brown ; tibiae yellowish-brown at base, 
darker (especially on hind legs) apically ; and tarsi entirely very dark brown, y 
blackish. Femora and fifth tarsal segments all not swollen, unarmed. Form of 
segments, claws and empodium as usual. ‘T’.R. about 2. 

ABDOMEN dark mummy-brown, sparsely hairy. Spermathecae not examined. 


Malaya: Kuala Lumpur, ‘at light,’ 5.10.1931, 12 (H. M. Pendlebury). 

This species (which was examined only in the dried condition) appears 
to differ from the other known species in the adornment of the legs—that is, 
if the brief description of S. coomani Séguy (‘ Fémurs jaunes, tibias et tarses 
d’un brun noiratre ’) may be assumed to apply to all the legs. S. coomani, which 
was taken in Tonkin, is a rather smaller insect, and the wing as shown in Séguy’s 
figure is not so long and narrow. 

The genus Stenoxenus Coq., in which the thorax is not conically produced 
over the head, the cross-vein is situated beyond the middle of the wing and is 
very short, and M, is curved at the base to an exceptional degree, may be 
regarded as occupying a position towards Macropeza somewhat similar to that of 
Macroptilum towards Calyptopogon. 
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Calyptopogon albitarsis Wieft. 


Siam: Nakon Sri Tamarat, Khao Kao, 300 ft., 21.2.1922, 12 (H. M. 
Pendlebury). 


Malaya: Selangor, Kuala Lumpur, 1.5.1926, 12 (H. M. Pendlebury). 

‘The specimen from Siam is rather smaller and not quite so dark in colour as 
the one from Kuala Lumpur. 

‘These specimens agree in almost every respect excepting size with Kieffer’s 
description of Calyptopogon albitarsis. In them the length of the wing is 4-5 mm. 
In C. albitarsis the length is given as 2 mm., but this figure presumably refers 
to the length of the body, which may have been greatly shrunken. In this case, 
noting also that Kieffer describes the wings as ‘ depassant l’abdomen de plus de 
leur moitic,’ the difference in size is immaterial. 

It should be noted, however, that only the femora of the fore legs are 
swollen near the apex, and that the terminal segments of the antenna are rela- 
tively shorter than stated by Kieffer. As regards the femora, Kieffer (1910) 
first described ‘les fémurs un peu renflés au tiers distal,’ and in the accompanying 
figure showed all the femora thus swollen. He specifically mentions, however, 
that this figure, unlike others on the same plate, was not drawn with the aid of a 
camera lucida ; and later (1913), when recording further captures of the species, 
modified the description of the legs, saying that whereas the femora of the fore 
legs are swollen distally, those of the middle and hind legs are sub-cylindrical. 
It may be presumed therefore that the original description should have referred 
to the fore legs only, and that the figure was in this respect incorrect. As regards 
the antennae, Kieffer’s figures probably refer to the dried insect. Measurements 
of a mounted antenna from the specimen taken at Kuala Lumpur show that the 
terminal segments are rather shorter, 11-14 each only about twice instead of 
thrice the length of 10. This difference may readily be accounted for by the 
different conditions under which the measurements were made. 

In a valuable note on the genus Macropeza and its allies, Johannsen (1927 
and 1928) has proposed including all the species hitherto referred to the genera 
Macropeza Meigen (1818), Macroptylum Becker (1903), Calyptopogon Wieffer 
(1910) and Paryphoconus Enderlein (1912) in the single genus Macropeza ; and 
in accordance with this reclassification has proposed for Kieffer’s Calyptopogon 
albitarsis the new name Macropeza kiefferi. 

Of the species affected by this reclassification those in which the thorax 
is rounded in front, not produced over the head, appear to form a distinct group 
for which the name Macropesa might be reserved. With them should be 
included, apparently, the genus Haasiella Kieff. (1913). Of the others, those 
with the thorax conically produced over the head, the species in which the cross- 
vein is situated beyond the middle of the wing form a fairly compact group for 
which the name Macroptilum might be retained. ‘The rest, in which the cross- 
vein is situated at or proximal to the middle of the wing, would then rank as 
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Calyptopogon, in which would be included Paryphoconus, a genus which Wietter 
(1917) considered ‘ trés voisin sinon synonyme de Calyptopogon Wieff.’ 

This arrangement of the species in the three genera Macropeza, Macro- 
ptylum and Calyptopogon would perhaps be convenient. It would also obviate 
the necessity for altering the name of the species referred to here as Calyptopogon 
albitarsis Wieff. 


Calyptopogon gibbosa (Wied.) 


Malaya: Kuala Lumpur, nr. Lake Garden, 2.10.1933, 19 (H. M. Pendle- 
bury). 

This specimen, which presumably is Macropeza (Calyptopogon) gibbosa, 
resembles the preceding one in almost every respect, but differs in having the 
legs paler. ‘The fore legs have the femora pale brown at the base but rather 
darker at the apex, the tibiae and all the tarsal segments (but especially the last) 
dark brown. ‘The four posterior legs have the femora and tibiae pale brown, 
but the actual knees dark. ‘The wings also are paler, hardly at all infuscated, 
with pale veins. ‘The cross-vein moreover is oblique, not almost vertical ; and 
the distance from the point of forking of M to the cross-vein is about equal to the 
length of the cross-vein, not about half this length. 


E 























RETROBULBAR NEURITIS AND PARTIAL 
OPTIC ATROPHY AS SEQUELAE OF 
AVITAMINOSIS 


BY 
D. G. F. MOORE 
(Nigeria Medical Service) 
(Received for publication 16 April, 1934) 
INTRODUCTION 


Scott (1918) described a disease which he called ‘the polyneuritis of 
Jamaica,’ which he had noted at that time occurring as an epidemic among 
coolie workers on the Jamaica sugar fields (cf. Bray, 1929). 

In his cases, among the clinical general description are to be noted ‘ sore 
tongue’ and ‘aphthae of the lips,’ and in recovered cases ‘ residual eye symptoms.’ 
In autopsies held by him on fatal cases, he found again, among other findings, 
optic nerve degeneration. He associated the disease with a toxic cause directly 
consequent on the food conditions of a particular class of labourer. 

A syndrome was described in a private paper by Wright (1926), of Sierra 
Leone, and was later described and published (1930) as the ‘ A and B Avitami- 
nosis of Sierra Leone,’ the subjects of the report being school-girls. In 1930, 
I myself published reports on partial loss of central acuity of vision in school- 
children (nearly all of whom in my series of cases were males) and its possible 
association with food deficiency. 

In Wright’s description his objective findings appeared to be directed to an 
external eye involvement. In my own cases the cause was optic nerve involve- 
ment. Except for this one difference, in other respects his description of the 
Sierra Leone syndrome was the same as my own and identical with the clinical 
description of my cases in Nigeria. ‘This difference is important, however, as, 
though the disease is different from Scott’s, through this is formed a distinct 
connection, possessing as it does certain common factors with his polyneuritis. 

In 1932 I published further findings of my own series of cases, and by that 
time had been able to demonstrate a number of ophthalmic recoveries. Recently 
(1934) I published a short paper on kassava (manioc), a food which I believe to 
be substantially at fault. 

The disease which I shall describe is a definite one with a clearly defined 
syndrome. ‘There are indications that its cause can be discovered and that, 
given reasonable conditions of time from onset, it can be cured, the eye 
condition itself included. On the other hand, if not treated reasonably early 
the eye condition is not curable. 
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THE TYPE OF PATIENT 


‘The type of patient liable to the disease falls into two main classes : (a) the 
scholar ; (6) the poor native, or the native whose poverty is due to the present 
bad economic conditions. With regard to education, all Africans are ambitious 
to be educated, and wherever a school exists, whether it is good or bad, scholars 
are attracted to it ; if the school is bad, the attraction is local ; if it is good, it 
draws scholars from afar. ‘These school-children, again, can be divided into 
four sections, of which all but one show a departure from the natural 
cnvironment of home life :— 

1. ‘The day-scholar proper who lives near the school and who is fed at home—usually, 
of course, by his mother. In this type I have met scarcely a single case of the syndrome, 


thereby eliminating a natural condition of living as a factor of the cause among school- 


children. 

2. (a) ‘The boarder-out or self-feeder, who may or may not be a day-boy, since in 
Nigeria some school-children, misnamed boarders, are except for domicile left to feed 
themselves. 

(6) The day-boy, who, attracted by the name of the school, leaves home with 
either money or food, stays at the school or near it and feeds himself. 

3. The boy who goes to what is called a boarding-school, is given a weekly issue of 
pocket-money, dependent upon the generosity of his parents, and buys and cooks his own 
food. ‘This class is commonly affected by the syndrome, being usually the children of poor 
parents, whose food is poor in the extreme. 

4. The true boarder, who is fed by the management of the school. This class serves 
excellently to demonstrate how one school may almost entirely escape the syndrome while 
another shows a high percentage of cases, which, if left untreated, have very serious results. 


In three schools I have been able to show an incidence of the syndrome 
of 12 per cent. or over. One school gave the following returns :— 
Boarders ee 3 ee ‘a es .. 234 
Number of boarders affected (still at school) = 26 
Number of boarders affected (no longer at school, 
having left during a period of 12 months owing 
to no longer being able to read) on $5 5 

In this same school the number of true day-boys was 250, among whom 
there were no cases; while among the girls, who numbered 300, there were 
no cases, though they were all boarders-in. ‘The girls, however, were given 
adequate food, which they cooked and prepared themselves as part of their 
domestic training, thus preserving a fully balanced dietary in their own native 
natural way. From this alone it would seem clear that the syndrome is entirely 
a matter dependent on the food conditions of the scholars. 

The dietary of the affected class was extraordinarily bad. ‘The boys began 
the day by eating a cabin (dog) biscuit in the early morning, followed at noon 
by a very badly-prepared mixture, cooked by themselves, of gari (kassava or 
manioc)* soup, with little or no green food ; of meat, they had 1 oz. only every 


*A full account of manioc (kassava) as a native food in Nigeria will be found in the 
West African Medical Fournal (Moore, 1934). 
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three days ; there was very little protein of any kind. ‘Their evening meal was 
little better. In fact, these boys were living on gari (kassava) as their main 
food, which was almost entirely carbohydrate. 

Another school, which was inquired into in 1931, when the diet was found 
to be arranged in haphazard fashion, showed 23 boys out of 98 (all boarders-in) 
affected by the syndrome. Since then a balanced dietary has been introduced, 
and this year there have been no cases of the disease. 

Out of 300 cases, only seven were girls and they came from two schools, 
both with faulty dietary arrangements. And it is interesting to note that the 
condition in Nigeria appears to differ from that in Sierra Leone (Wright, 1930) 
in that, while boys in certain schools are affected, the girls remain almost 
immune. ‘This is probably due to the fact that the feeding conditions of the girls 
in Nigeria, are, on the whole, excellent. Most of the young girls, outside the 
very biggest towns, are already affianced to mission teachers, catechists, etc., 
having been specially chosen to be able to share the educative careers of their 
future husbands. Since they do their own cooking as part of their training, 
they live in comparative luxury as compared with their less fortunate brothers. 
(It must be borne in mind that in Africa all cooking is done by the women, 
none normally by men or boys.) As a result, only in exceptional circumstances, 
when food arrangements are known to be bad, does the syndrome make its 
appearance in girls. 

In addition to school-children, the second great class of affected patient 
is the casual labourer, the unemployed (a relatively new class in Africa) and poor 
people. Many of these cases have formerly been living under good conditions 
and have now fallen upon bad times. ‘They are often illiterate and live almost 
entirely on gari, with a little dried fish, oil, salt and peppers in addition, according 
to their means. ‘They present themselves for treatment complaining of loss of 
vision and the same constant syndrome. 

The distribution of the affected class of patient appears to be due not only 
to local faulty feeding but also to geographical conditions, for, though the evidence 
is not yet sufficient, the disease seems to be uncommon in the north, where 
the food of the indigenes is entirely different from that of the south. 

There is some evidence that a milder type of this syndrome with relatively 
little ophthalmic involvement may occur under better conditions of living ; 
but again gari in these cases has been the main dietary and supports a toxic 
cause. 


DESCRIPTION AND FINDINGS OF THE DISEASE 


In 1929, among a number of school-children who presented themselves 
for examination were several seeking advice for defective eye-sight, the cause of 
which was obscure. ‘These cases showed ophthalmologically little or nothing 
beyond a loss of central acuity of vision for both reading and distance, coupled 
with a definite history of the time of onset and a gradual increase of symptoms ; 
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but, in cases with a more advanced history, a very definite pallor of the temporal 
side of the disc was apparent. ‘The fact that a number of boys all from the same 
school were all affected in the same way gave rise to the suspicion of a common 
cause. And when this became continually more self-evident, I was satisfied 
(1930) that the cause lay in a food or toxin deficiency, which led me, quite 
independently of any other worker, to write my first report on the disease. 

In the following description, I propose to describe the disease itself, its 
treatment, believed cause and means of prevention. ‘Though the disease, 
as I have pointed out above, is by no means confined to school-children, for the 
sake of simplicity I shall confine my account only to them. 

Of the 300 patients treated, each one gave a definite and clear history of the 
case, beginning with normal sight, followed by a ‘ mist’ over the eyes, accom- 
panied by a difficulty in seeing clearly at a distance and in reading small print. 
Moreover, on being questioned, the patient invariably described one or more 
attacks of sore tongue, white patches at the edges of the lips and coincident itchy 
scrotum. And several cases, whose eyes became affected at a later date, had 
already received attention for the mouth or the scrotal itching and had been 
treated with various useless local remedies. It is important to note that there 1s 
a definite history among the school-children that these onsets of sore tongue 
‘got better’ during holidays, i.e., when the patients returned to natural home 
conditions. 

Examination of the eyes revealed to me no changes of the external eye, 
and, though in early cases there were few or no fundus changes, very definite 
changes take place later in the optic nerve. After the first onset of eye symptoms, 
there appears a definite pallor of the disc, which I think is quite characteristic 
—a pallor which is more marked on the temporal side, with the vessels pushing 
over to the nasal side of the disc. In severer and more advanced cases, the disc 
appears typically of a primary optic atrophy, almost dead white, with thinned 
vessels and greyish retinae. In marked contradistinction to the ophthalmic 
appearance of the disc, the fields are little affected, but the effect of the vision is 
profound and, 7f untreated, lasting, the acuity of vision in an untreated case being 
settled finally according to the severity of the case. Vision is frequently lost up to 
#, and in a few very bad cases the patients are reduced practically to hand 
movement. I have met cases of boys still attending school who /isten to their 
teacher because they can no longer see to read. All the evidence, however, goes 
to prove that total blindness does not occur, for, in spite of a general difficulty 
of keeping in touch with older cases, I have not met a single case of blindness. 
It would seem, therefore, that the optic nerve changes are the result of an acute 
involvement settled at the onset, and that its severity is demonstrable in time by 
the resultant optic nerve change taking place as the direct result of that acute 
onset. 

Cases under my observation for the last five years, who came before I knew of 
any treatment and are now too late to be cured, have neither grown worse nor 
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recovered. ‘hose whose history can be traced back even for ten years show a 
similar fixation of central loss. 

The optic nerve condition, therefore, I describe as a partial post-atrophic 
change following retrobulbar neuritis. ‘Che mouth condition is not necessarily 
seen, unless the patient is in an early stage of the disease. It (the mouth con- 
dition) usually clears quite easily, often naturally, probably because the patient 
returns to his home (good food) on account of his illness. ‘The scrotal itching 
similarly dies away, but the condition is always a precursor to or concurrent 
with the first eye symptoms. When seen it is extraordinarily typical, the skin 
is dry, rugose, grey and scaly, as if a grey dry powder had been dusted on, quite 
unlike the normal healthy skin of a native. Itching is seldom complained of 
elsewhere, nor is there evidence of other skin lesions, except at the mouth. In 
females there is a vulvar irritation. Some cases complain of epigastric pain, 
which is probably gastrointestinal (due to achlohydria), but this is not a predomi- 
nant symptom. In a word, therefore, many cases have a constant, clear-cut 
history of antecedent, concurrent or recurrent sore tongue and mouth, pruritic 
genitalia, followed by the loss of central visual acuity. 


PROGNOSIS AND TREATMENT 


The course of the syndrome is extremely serious in untreated cases. In 
early cases, i.e., those with a history of not more than a few months, the disease 
responds well to treatment, even if there is early severe eye involvement. Cases 
with a history of six months respond quite well, but vary in the prospects of cure, 
and may show optic nerve changes. Usually, in such cases there is some slight 
permanent loss of vision both for distance and for reading small print. Cases of 
over six months but less than a year respond in part, but usually show optic 
nerve changes. Cases over a year old usually fail to respond, or, should a 
substantial improvement occur, result in only partial cure, and show optic nerve 
changes. 

Cases with residual symptoms show definite optic nerve changes in varying 
degrees—in fact, the degrees of these changes are so definite that the diagnosis is, 
in newly-seen cases, almost possible on this alone. (Many of these cases are 
young literates who have been forced to leave school and who, hearing of 
successful treatment in others, have presented themselves for treatment in the 
hope of a cure.) 

Wright (1930) introduced in Sierra Leone a treatment for his cases before I 
did the same in Nigeria. But, since his work was then unknown to me, my own 
treatment was not based upon his, but upon suggestions made to me by Dr. 
Gray, specialist, of Lagos, and Dr. Charles Mackey, who has now retired, as 
well as upon the report of Lucy Wills (1931) on the response of toxin anaemias 
of pregnancy to marmite. 

In treating the patient, the following procedure was adopted :— 

All cases were examined at the hospital itself. On consultation, notes 
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were taken of the history of the case and of the occupation and age of patient. 
A full routine ophthalmic examination was then carried out. Once the diagnosis 
had been made, either of retrobulbar neuritis following avitaminosis, or of post- 
partial optic atrophy due to the same cause, treatment was commenced. ‘This 
consists of the following course for a period of three months :— 

A. Marmite : a teaspoonful three times daily on bread or yam. 

B. Codliver oil with malt : one dessertspoonful three times a day. Codliver oil. 

C. A tonic rich in iron and chlorides. 

D. If possible, a wineglassful of tombo daily. 

Tombo is the fermented sap of the tombo palm, and a universal drink in 
Southern Nigeria. ‘The use of such a drink was suggested to me by Dr. Bray’s 
report of his treatment of infantile polyneuritis in the Pacific Isles by fermented 
‘toddy.’ Although objections are sometimes made to tombo on account of its 
alcoholic content, its food content must not be forgotten, and it is to my mind 
an essential natural food among the indigenes. 

During treatment, of course, attention must be given to general health, 
and the patient must live on a home diet. 

Treatment is slow and, according to the type of patient affected, rather 
costly in many ways. No case is likely to recover in less than six weeks, and the 
longer the history, the slower the response. 

The distance vision improves first; in normally progressive cases, a 
Snellen test line is an approximate ratio in a fortnight. Improvement in reading, 
though definite, appears to be slower. 

I have coliected case-notes of a series of cases who have received 
what I term a full course of treatment lasting three months. ‘Though my 
records show more than 50 cured or nearly cured cases, with the restoration of 
practical useful vision, for reasons of space I quote only a small number of cases, 
both cured and incurable. 

In the following ‘Table are given some typical instances of the conditions 
found at first examination and the results after treatment for 3 to 6 months. 
‘The symptoms, sore tongue and mouth, itching of scrotum or vulva, and eye 
trouble, had existed for from 3 months to 2 years in different cases. 


Case number 13. 

This case is described in detail because he happens to be one of my early cases, and his 
history is particularly interesting because his condition is im statu quo, and, though he 
succeeded in passing an unusually high standard, he is now not able to make any practical 
use of his attainments. 

G.W., seen April, 1930. Vs; D 2:25. Both discs showed marked temporal pallor; 
paler than normal throughout. Appearance typical of optic atrophy. Attacked with 
syndrome, sore tongue, itching scrotum and rapid failure of central acuity of vision in 1929, 
having passed Standard 6 in December, 1928. In 1930, passed Preliminary Cambridge, 
and in 1931 Junior Cambridge. Intended for a teaching career. Experienced great 
difficulty with last two examinations. Had to leave school in 1932 ; now unemployed. Seen 
in 1934 ; condition exactly the same. ‘The case had no treatment, as I did not know of any 
at the time, and has only recently been seen by me after over four years ; condition not 
any worse or better. He was a boarder-in. 
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In addition, [ must include among the failures past scholars who apply 
for treatment after hearing of a cure, but who come too late for me to help them. 
Failure may also partly be due to the lack of regular attendance from reasons 
of transport difficulties, the expense of visiting a centre for treatment, the 
inditference of parents and others, ignorance and impatience at the loss of school 
time, or poverty which prevents the patient from continuing, for some of these 
reasons, with the treatment, though all treatment is in itself entirely free. 


FOOD AND ITS RELATION TO THE DISEASE 


It is not my purpose here to state what remedies I consider should be taken 
to deal with the preventable causes of the disease, since they are already the 
subject of much departmental interest and investigation. I would state my 
conviction, however, that they should depend entirely upon an alteration of 
feeding conditions, and since, though the main foods of the affected areas, 
inhabited by the Ibo, Yoruba and Efik-Ibibio tribes, are dependent on the locality, 
there is one food common to them all, namely, manioc or kassava, I do wish to 
lay the utmost stress upon the important part which I believe the food plays 
in this syndrome (cf. Moore, 1934). 

The question immediately arises, of course, whether the disease is due to a 
true deficiency or to a toxin deficiency. And, although I am unable to answer 
that question, against a toxin deficiency 1s the fact of cured cases. But much 
of the common gari is ‘ bad,’ 1.e., not fresh, and it may be the ‘ bad’ gari which 
is the cause in these cases which would favour toxin deficiency. ‘The evidence, 
however, is not yet complete ; and before any definite conclusions can be 
reached it will be necessary to trace the common food-stuffs of many areas and 
to find out why, in the same area, some schools are severely affected, while others 
remain free. 

I use the term toxin deficiency perhaps in a double sense : I believe that the 
food-stuff at fault contains a mild degree of toxin, and also, as there is carbo- 
hydrate excess in the affected class of patient, that it is not possible at one’s own 
present state of knowledge to state whether the cause is toxin or deficiency alone 
or a combination of both. 


SUMMARY 


1. A syndrome is described of sore tongue and mouth, and scrotal or vulval 
rash, which in many cases is either associated concurrently with, or followed 
within a short time by, a severe involvement of the optic nerve, which seems 
peculiarly selected. 

2. There is reason to believe that the condition is associated with Scott’s 
disease of Jamaica, although they differ widely in certain aspects, 

3. It is a simple constant syndrome, 
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4. It is due to certain food conditions, and perhaps to one food, gari, in 
particular. 

5. It is-curable in its early stages, but not if there has been a delay of more 
than twelve months in seeking advice. 

6. It offers for research a means of linking together other deficiency 
diseases, such as pellagra on the one hand, and beri-beri on the other. 

7. If the cause of the disease is gari, the question of true deficiency or toxin 
deficiency appears to offer reasonable means of being investigated. 
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INTRODUCTION 


The genus Phormia R.-D. (sens. lat.) contains at present six species of 
blow-flies which are found in the Palaearctic and Nearctic regions. ‘l'wo of 
the species, regina Mg. and terraenovae R.-D. (groenlandica Zett.), are common 
domestic insects and are abundant about abattoirs, meat-packing houses, dog- 
biscuit and bone factories, etc. Ph. regina, known as the black blow-fly or 
worm-maggot fly, is also a well-known pest of sheep in many parts of Canada 
and the United States, depositing its eggs in wounds, etc. Ph. terraenovae, 
though an uncommon myiasis producer, has been known to lay its eggs in the 











Fic. 1. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallosome 
of regina (U.S.A..). 
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tissues of reindeer in Alaska. Ph. caerulea R.-D. and Ph. asurea Fallen are 
parasites of birds in their early stages, the larvae of the former feeding on the 
blood of nestlings of many passerine birds, and the larvae of the latter on 
the blood of nestlings of the sand-marten. Ph. metallica ' Townsend 1s a similar 
bird parasite in the United States, its larvae having been recorded from the nests 
of Merula migratoria, Corvus americanus and other birds. ‘The species Ph. 
boganidae Zett., which occurs in Siberia, is unknown to us. ‘The synonomy 





Fig. 2. a.— Phallosome, sperm pump sclerite and one paramere of regina in side view (U.S.A.) ; 
5.— Ninth tergo-sternum of same (U.S.A.) ; ¢.—Ventral view of anal cerci and distal segments of 
ninth coxites of same (U.S.A.) ; d.—Lateral view of anal cercus and ninth coxite of same (Canada) ; 
e.—Lateral view of right paramere of same (Canada) ; f.—Lateral view of anterior part of left 
paramere of same (U.S.A.) ; g.—Lateral view of anterior part of right paramere of same (Canada); 
h.—Fifth sternum of same (Canada) ; 7.—Lateral view of anterior part of right paramere of same 
(Canada) ; 7.—Front view of end of phallosome of same (Canada); ’.—Lateral view of right 
posterior paramere of same (U.S.A.). 
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of the European species has been fully dealt with by Bezzi (1922), and their larvae 
have been described by Engel (1920). 

In the present paper we are able to describe and illustrate the male terminalia 
of the four species regina, terraenovae, caerulea and azurea. Although we have 
studied the male terminalia of metallica we do not propose to describe them until 
we have access to more material. We shall be grateful to any observer who has 
the opportunity of breeding out this species from larvae if he will let us have a 
series of both sexes. We wish to thank Mr. Colbran J. Wainwright for letting 
us have a specimen of caerulea from this country. 


SHORT DESCRIPTIONS OF THE MALE TERMINALIA OF THE 
SPECIES OF PHORMIA 


Phormia regina Meigen. SaLteNr DIAGNosTIC CHARACTERS OF MALE 
TERMINALIA. Figs. 1; 2. ScLerires. Sternum 5 as in fig. 2, /. ‘Tergum 6 
short but broad, not extending much laterally ; spiracle 6 located on the postero- 
dorsal edge of tergum 7 (fig. 1). Sternum 6 is broad and almost reaches tergum 
7 on the right ; the flange is narrow (fig. 1). ‘Tergum 7 is long and broad and 
bears spiracle 7 (fig. 1). Ninth tergo-sternum as in fig. 2, 6. ‘Tergum 10 1s 
short, with a long median incision (fig. 1). 

APPENDAGES. Ninth Coxite. Distal Segment. Ventral view. Fig. 2, c. 
Short, end narrow, rounded and turned inwards. Lateral view as in figs. | ; 
2, d. Proximal Segment. Lateral view. Fig. 2, d. A short stout bent rod, 
joined to its fellow by membrane. Anal Cercus. Ventral view. Fig. 2, c. 
Rather long rod, narrow and bluntly pointed anteriorly, joined to its fellow for 
about half its length. Lateral view as in figs. 1; 2, d. Phallosome. Lateral 
view. Figs. 1; 2, a. Long and broad ; structurally similar to that of Lucila 
and Calliphora, on the one hand, and to that of Chrysomyza, on the other ; strut 
long, stout, narrowing to end, which is not bent ; anterior border of middle portion 
with a fringe of hairs ; distal end expanded to form a large spined flap (cf. flap of 
Chrysomyia chloropyga in vol. 28, p. 129, fig. 4, a) ; distal end of phallosome long, 
not markedly expanded, and with a spined plate (fig. 2, a, 7). Posterior Process 
of Phallosome. Fig. 2, a. Long, stout and bent forwards. Sperm Pump 
Sclerite. Fig. 2, a. Small. Apodeme of Phallosome. Fig. 2, a. Long and 
stout. Parameres. Lateral view. Anterior Part. Fig. 2, a, e, f, g, 7. A short, 
bluntly rounded plate with 3-4 bristles. Posterior Part. Fig. 2, a, e,k. A long 
stout bent rod, with the usual sensory spines and a long basal bristle on a raised 
area. In the more advanced condition in Chrysomyia a marked process is well 
seen at the base of the posterior process. (cf. vol. 28, pp. 126, 129, figs. 2 ; 4.) 

Phormia terraenovae Robineau-Desvoidy. SALIENT DiAGNostTIC CHARAC- 
TERS OF MALE TERMINALIA. Figs. 3; 4. SCLERITES. Sternum 5 as in fig. 4, 7. 
Tergum 6 long and broad, extending laterally ; spiracle 6 located in a detached 
portion close to antero-dorsal edge of tergum 7 (fig. 3). Sternum 6 long and wide, 
just failing to reach tergum 7 on right with a rather deep flange (fig. 3). “Tergum 
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7 long and deep, with a postero-median incision, bearing spiracle 7 (fig. 3). 
Ninth tergo-sternum as in fig. 4, 6. ‘Tergum 10 long and deep, with a long in- 
cision (fig. 3). 





hig. 3. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallosome 
ot terraenovae (U.S.A.). 


ApPENDAGES. Ninth Coxite. Distal Segment. Ventral view. Fig. 4, c. 
Long and broad, end narrow, rounded and turning inwards. Lateral view as 
in fig. 4, d. Proximal Segment. Lateral view. Fig. 4, d. A long stout bent 
rod. Anal Cercus. Ventral view. Fig. 4, ¢. A long stout rod tapering 
slightly anteriorly, parallel and free end well separated from its fellow, to which it 
is joined by about half its length. Lateral view as in figs. 3; 4, d. Phallosome. 
Lateral view. Fig. 4, a. Similar to that of regina, proximal and middle portion 
rather short; flap long, narrow and well spined (fig. 4, a); strut broad, tapering to 
a fine point, bent ; distal portion of phallosome long, rather narrow, with spined 
plates (fig. 4, a, e). Posterior Process of Phallosome. Fig. 4, a. A long bent rod. 
Sperm Pump Scerite. Fig. 4, a, k. Large and fan-shaped. Parameres. Lateral 
view. Anterior Part. Fig. 4, a, f, g, h, 1. A short, bluntly pointed plate, 
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Fic. 4. a.—Phallosome, sperm pump sclerite and one paramere of terraenovae in side view 
(Canada) ; 6.—Ninth tergo-sternum of same (Canada) ; c.—Ventral view of anal cerci and distal seg- 
ment of ninth coxite of same (Gt. Britain) ; d.—Lateral view of anal cercus and ninth coxite of same 
(Canada) ; e.—Front view of end of phallosome of same (Gt. Britain) ; f.—Lateral view of right 
paramere of same (Gt. Britain) ; g.—Lateral view of left paramere of same (Canada) ; /4.—Lateral 
view of right paramere of same (Gt. Britain) ; 7.—Lateral view of posterior part of left paramere 
of same (Canada) ; j.—Fifth sternum of same (Canada); k.—Sperm pump sclerite of same 
(Canada) ; /.—Lateral view of right paramere of same (Canada). 
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very similar to that of regina, usually with three bristles. Posterior Part. Fig. 4 
J & ’ e ’ 


a, f,g,h,i,l. Along stout bent rod, with the usual sensory spines and a strong 


basal bristle mounted at the end of a raised area. 





Fic. 5. Sixth, seventh and tenth terga, sixth sternum, anal cercus, ninth coxite and phallosome 
of caerulea (Germany). 


Phormia caerulea Robineau-Desvoidy. SALIENT DIAGNOSTIC CHARACTERS 
OF MALE 'TERMINALIA. Figs. 5; 6. SCLERITES. Sternum 5 as in fig. 6, c. 
Tergum 6 long and broad, not extending much laterally ; spiracle 6 located in 
membrane at antero-dorsal edge of tergum 7. Sternum 6 long, broad, just 
failing to reach tergum 7 with a small flange (fig. 5). ‘Tergum 7 long and deep, 
bearing spiracle 7. Ninth tergo-sternum as in fig. 6, m. ‘Tergum 10 short and 
rather deep, with a long incision posteriorly (fig. 5). 

ApPENDAGES. Ninth Coxite. Distal Segment. Ventral view. Fig. 6, f. 
Rather short, broad, end narrow, rounded and bent inwards. Lateral view as 
in fig. 6, e. Proximal Segment. Lateral view. Fig. 6, e. A short bent rod, 
joined to its fellow in the usual way. Anal Cercus. Ventral view. Fig. 6, f. 
Short tapering rod, end rounded, less than anterior third free, the remainder 
joined to its fellow. Lateral view as in fig. 6, e. Phallosome. Lateral view. 
Fig. 6, a. Like that of terraenovae, proximal and middle part rather short ; 
strut stout, bluntly tapering and slightly bent ; flap small, club-shaped, mem- 
braneous end with minute spines ; distal part of phallosome long, shaped some- 
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Fic. 6. a—Phallosome, sperm pump sclerite and one paramere of caerulea in side view 
(Italy) ; b.—Lateral view of anterior part of right paramere of same (Germany) ; c.—Fifth sternum of 
same (Germany) ; d.—End of phallosome of same (Germany) ; e.—Lateral view of anal cercus and 
ninth coxite of same (Germany) ; f.—Ventral view of anal cerci and distal segments of ninth coxites 
of same (Germany); g.—Lateral view of posterior part of right paramere of same (Germany) ; 4.— 
Lateral view of anterior part of left paramere of same (Gt. Britain); 7—Lateral view of anterior part 
of right paramere of same (Gt. Britain) ; 7.—Lateral view of posterior part of left paramere of 
same (Gt. Britain) ; k.—Lateral view of posterior part of right paramere of same (Gt. Britain) ; 
1.—Sperm pump sclerite of same (Gt. Britain). 











what like the hood of a cobra, with stout spined plates. Posterior Process of 
Phallosome. Fig. 6, a. Rather short stout bent rod. Sperm Pump Sclerite. 
Fig. 6, a, 7. Long, narrow and slightly fan-shaped at end. Parameres. Lateral 
view. Anterior Part. Fig. 6, a, b, h,7. A short, raised, bluntly rounded plate, 
very similar to that of regina and terraenovae. Posterior Part. Fig. 6, a, g, j, R. 
A stout rod with the usual sensory spines and a strong basal bristle on a raised 


area. 
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Phormia azurea Fallen. SaLieNnr DIAGNOsTIC CHARACTERS OF MALE 
TERMINALIA, Figs. 7; 8. SCLERITES. Sternum 5 (fig. 8, g) very large. ‘Tergum 
6 long, broad, extending somewhat laterally ; spiracle 6 in membrane. Sternum 
6 long, broad, with rather deep ventral flange, almost reaching tergum 7 on right 
(fig. 7). ‘Pergum 7 long and deep, bearing spiracle 7 (fig. 7). Ninth tergo- 
sternum as in fig. 8, c. ‘Tergum 10 rather short but broad anteriorly, with a 
slight projection and a long posterior incision (fig. 7). 


Nhe eo sich = Sete es ta . 
aw = 





Fic. 7. Sixth, seventh and tenth terga, sixth sternum, anal cercus and ninth coxite of azurea 
(Germany). 


AppenpaGes. Ninth Coxite. Distal Segment. Ventral view. Fig. 8, e. 
Long, broad, end narrower, rounded and slightly turned inwards. Lateral 
view as in fig. 3, d. Proximal Segment. Lateral view. Fig. 8, f. A stout 
bent rod. Anal Cercus. Ventral view. Fig. 8, e. Long, tapering to narrow 
rounded end, less than anterior half free, remainder joined to fellow. Lateral 
view as in fig. 8, d, which shows the characteristic raised part at the commence- 
ment of the free end. Phallosome. Lateral view. Fig. 8, a. Long and rather 
narrow ; strut long and wide, gradually tapering to rounded end ; flap rather long, 
expanded distally, with straighter edge than in caerulea and finely spined ; 
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membraneous posterior part carrying ejaculatory duct exceptionally wide ; 
distal part of phallosome relatively shorter than in caerulea, somewhat hood-shaped 
plates short and well spined (fig. 8, @, 7). Posterior Process of Phallosome. Fig. 
8,a. Avery stout bent rod. Sperm Pump Sclerite. Fig. 8, a. Short and wide 
where duct comes out. Parameres. lateral view. Anterior Part. Fig. 8, 
a, 6,7. A stout, bluntly pointed plate, as in the other species, with 2-3 bristles. 


eyes 
Se 





Fic. 8. a.—Phallosome, sperm pump sclerite and one paramere of asurea ; b.— Lateral view 
of anterior part of left paramere of same ; c.—Ninth tergo-sternum of same ; d.—Lateral vicw of anal 
cercus and ninth coxite of same ; e.—Ventral view of anal cerci and distal segments of ninth coxite of 
same ; f.—Lateral view of posterior part of right paramere of same ; g.—Fifth sternum of same ; 
h.—Lateral view of posterior part of left paramere of same ; 7.—Lateral view of anterior part of 
right paramere of same ; 7.—End of phallosome of same (all from German specimens). 
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Posterior Part. Fig. 8, a, f,h. A long stout rod, with the usual sensory spines 
and a long basal bristle on a raised area ; commonly an accessory hair. 
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INTRODUCTION 


It is unnecessary for me to emphasize the importance of the species of 
Glossina as the transmitters of pathogenic trypanosomes to man and animals ; 
the facts are well known and there is a voluminous literature on the subject. 
The life-histories, bionomics, distribution, etc., of the important species have 
also been fully studied. ‘The outstanding work on the taxonomy of these flies 
is that of Professor Newstead, who recognized the importance of the male ter- 
minalic characters and used them in grouping the species according to their re- 
lationships ; his work also made easy the recognition of the males. Similarly, 
Dr. Evans has shown that the female terminalia are correlated to those of the 
male, and that the females too fall into the same three groups. 

I propose, in aseries of short papers revising the species, to re-describe 
and illustrate the male and female terminalia, using the new nomenclature and 
much information which has emerged as the result of my comparative studies 
of the terminalia of the higher Diptera. I hope also to attempt to define the 
systematic position of the genus. In the present paper, a short description is 
given of the male and female terminalia of G. longipennis Corti as an example 
of those of the genus. Following this, I shall describe shortly the male and 
female terminalia of several of the higher Diptera (Sarcophaga, species of 'Tachi- 
ninae, Hypoderma, Gasterophilus, Oestrus, Cobboldia, etc.), which will throw 
light on the relationships and natural position of the tsetse-flies. Having 
cleared the ground in this way, I shall then shortly describe and illustrate the 
male and female terminalia of the remaining species and give the diagnostic 
characters of each. 


SHORT DESCRIPTION OF THE SEGMENTATION OF THE ABDOMEN 
AND MALE AND FEMALE TERMINALIA OF GLOSSINA, 
AS EXEMPLIFIED BY THAT OF Glossina longipennis CORTI 


Glossina longipennis Corti. SEGMENTATION OF MALE ABDOMEN. SCLERITES. 
Fig. 1. The segmentation of the male abdomen of Glossina is illustrated in 
fig. 1. There are ten segments, the eighth is wanting. ‘Tergum | is clearly 
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differentiated from tergum 2, spiracle 1 being located in the membrane close to 
its latero-ventral edge. Sternum I is a large shield-like plate, whereas sterna 
2, 3 and 4 are almost entirely membraneous. ‘lergum 2 is a long broad plate 
with a strong lateral bar on the inner surface ; spiracle 2 1s located in the membrane 
close to its latero-ventral edge. ‘Terga 3, 4, 5 and 6 are narrower, as illustrated 





Fic. 1. a.—Lateral view of abdomen of ¢ longipennis with tenth tergum drawn back ; a.0.— 
anal opening; Is., Vs., VIs., VIIs.—-Ist, 5th, 6th, 7th sterna; It., IIt., IIIt., IVt., Vt., 
Vit., VIIt.—Ist, 2nd, 8rd, 4th, Sth, 6th, 7th terga; 1.—Xth tergum; 2.—Anal_cerci; 
3.-—Proximal segment of IXth coxite fused with side of [Xth tergo-sternum ; 3a.—Distal segment of 
same (editum) ; 6.—Ventral view of end of abdomen with Xth tergum, phallosome, etc., removed to 
show relations of 5th, 6th and 7th sterna ; c.— 7th tergum to show asymmetrical position of 7th 
spiracle ; d.—Lateral view of lett side of Xth tergum to show distal segment of [Xth coxite (3a) and 
left anal cercus (superior clasper). 


in fig. 1, and their spiracles are located in the membrane close to their edges. 
Sternum 5 is a well-developed, wide, bilobed plate, firmly adherent on its mid- 
dorsal surface with sternum 6; its structure and relationships are shown in fig. 
1, 6. Sternum 6 is a strong ring-like plate, fused laterally with tergum 7 and 
united to sternum 5, as noted. ‘l'ergum 7 is long and deep, its rounded posterior 
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border forming the tip of the abdomen. Spiracle 7 is asymmetrically placed : 
on the left it is situated on the tergum postero-laterally, and on the right more 
anteriorly, at the antero-lateral edge of the tergum (fig. 1, ¢).. No trace of spiracle 8 
has been found. Ninth Tergo-Sternum. Fig. 2. The ninth tergo-sternum 
is a massive plate in Glossina, more particularly in the larger species ; it is illus- 





Fic. 2. a.—Lateral view of ninth tergo-sternum of same to show phallosome embedded in 
its dorsal concavity ; b.—-Posterior process of phallosome enlarged ; ¢.—Lateral view of ninth tergo- 
sternum of same to show fused proximal segment of ninth coxite and one paramere ; d.— Dorsal 
view of ninth tergo-sternum of same ; e.--Inner view of spinose plate at junction of phallosome 
and apodeme. 


trated in side view in fig. 2, c, and in the dorso-ventral position in fig. 2, d. 
At rest and with the tenth tergum closed, it lies horizontally. ‘The dorsal 
surface is deeply hollowed out, the anterior end wide and rounded (fig. 2, c, d), 
representing the fused posterior arms of the ninth tergo-sternum of other muscid 
genera (see numerous drawings of this structure 1n earlier papers). ‘The handle 
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is directed posteriorly and is deeply hollowed out posteriorly, the anterior 
surface being rather narrow and forming a ridge. A curved thickened line 
runs in an arched manner along its base, and to it is attached the membraneous 
seventh sternum; in other genera, particularly in the Calliphorinae, this 
membrane forms the characteristic pocket for the phallosome. The sides 
of the ninth tergo-sternum are heavily chitinized, and there is clear evidence 
that some bar-like structure has fused with them ; anteriorly the bar is forked 
(figs. 2, c ;5,7). I believe that the bar which has fused with each side of the ninth 
tergo-sternum is the rod-like proximal segment of the ninth coxite. A com- 
parative study of this structure in many other genera strongly supports this 
conclusion. ‘This, then, explains the apparent disappearance of the proximal 
segment of the ninth coxite in Glossina. ‘The postero-lateral process of the tenth 
tergum articulates with the side of the ninth tergo-sternum in a hollow below the 
forking of the lateral bar (figs. 2, ¢; 5, 7). Tenth Tergum. Fig. 1. The 
tenth tergum is a large rounded bulbous plate which forms a most conspicuous 
object on the ventral surface at the end of the male abdomen. When drawn 
back, the folded anal cerci and the phallosome are exposed. It has a long, 
rather narrow, postero-ventral incision in the middle of the membrane in which 
lies the long slit-like anal opening. Anteriorly, the incision is closed by the 
posterior ends of the anal cerci, the attachment of which is well shown in fig. I. 

APPENDAGES. Ninth Coxite. Distal Segment. Lateral view. It would 
appear at first sight that the ninth coxite is entirely wanting in Glossina ; but a 
comparative study of this structure in many muscid genera, and particularly in 
Sarcophaginae and in species of ‘lachininae, leaves little doubt that the small 
pad-like structure (editum) on its antero-lateral margin (fig. 1,d) which bears 
long hairs often reaching to the anal cerci, represents the much reduced distal 
segment of the ninth coxite. I have reached this conclusion after an exhaustive 
comparative study of this structure in other genera, and I shall refer to it 
again in a succeeding paper. 

Anal Cercus. Ventral view. Fig 3. The anal cerci are illustrated in 
ventral view in fig. 3. Each is a long, stout, rather flat, hollow rod, the two 
lying horizontally on each side of the phallosome ; each is completely separated 
from its fellow and ends in a strong, bluntly pointed black claw. ‘The proximal 
end, with that of its fellow, closes the incision of the tenth tergum, and the tenth 
sternum, now heavily chitinized, connects their proximal ends ; 1n some views, 
the outer edge of the claw projects as a flange. ‘The inner and the external 
margin bear long curly hairs. One anal cercus in dorsal view is illustrated in 
fig. 4, showing the shorter bristles. 

Phallosome. Figs. 1;2,a;5. ‘The phallosome of Glossina is a complicated 
organ of which the structure can only be understood when it is dissected out of 
the ninth tergo-sternum ; it is very difficult to describe accurately. In fig. 2, a, 
it is illustrated while still in the ninth tergo-sternum, and it will be noted that it 
is firmly embedded in the concavity of the ninth tergo-sternum, being bound 




















Fic. 3. Ventral view of anal cerci (superior claspers) of /ongipennis. 











Fic. 4. Dorsal view of one anal cercus of longipennis. 
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down by membrane. In fig. 5, a, it is illustrated after it has been dissected out 
of the ninth tergo-sternum. ‘lhe phallosome itself is a relatively short structure 
consisting of the usual chitinous framework, the short basal part of the body 
being flattened dorso-ventrally and elongated into two long rounded struts, 
bluntly pointed and bent back at their distal ends. Postero-ventrally the body 





Fic. 5. a.—Lateral view of phallosome, spinose plate and apodeme of longipennis dissected out 
of ninth tergo-sternum ; 4.-—Tenth sternum of & terminalia of same ; c.—Ninth sternum of same ; 
d.—Anal cerci of same ; e.——-Spermathecae of same ; f.—Ninth tergum of same ; g.—Lateral view 
of phallosome of same with struts removed ; note opening of a duct at base posterior end ; h.--Front 
view of phallosome of same showing struts, etc. ; 7.—Chitinous plate (signum) of uterus of same ; 
jy. Part of anterior end of ninth tergo-sternum of same showing end of fused proximal segment of 
ninth coxite with tergo-sternum ; also paramere in side view (only a few bristles are illustrated). 


is attached to the end of the ninth tergo-sternum by a small, somewhat _heart- 
shaped plate, which probably represents the posterior process of other muscid 
genera ; laterally it is attached by membrane to a large, dark, heavily chitinized 
plate. ‘The body is strengthened dorsally on each side by a short bent chitinous 
rod, which is fused distally with the chitinous framework supporting the opening 
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of the ejaculatory duct. At the postero-ventral end of the body, and supported 
by a chitinous framework, there is the wide tubular chitinous end of some un- 
known glandular structure, the nature of which it is not possible to settle without 
afresh dissection ; it may be the opening of some accessory mucous gland. Sperm 
Pump Sclerite. Fig. 5, g. 'Vhe sperm pump sclerite lies dorsal in position, and 
is a small hammer-shaped sclerite to which the duct is attached. ‘The 
remaining parts of the phallosome consist of the apodeme bearing an 
antero-dorsal, stout, median process, the long arched plate which binds 
the phallosome to the inner sides of the ninth tergo-sternum, and a 
complicated large spinose pad (fig. 2, a, e) on each side of the distal end of 
the apodeme (extremely characteristic of this species). ‘The function of this 
spinose pad and its accessory internal movable chitinous plate is not known, 
but a somewhat similar structure, more developed in some than in others, 1s 
present in the same position in most of the species of Glossina, and appears to 
be characteristic of the genus. ‘These parts are all fully illustrated and need not 
be described in detail. Parameres. Lateral view. Figs. 1, a; 2, a, ¢3 5, /. 
Each paramere lies firmly attached to the side of the ninth tergo-sternum on the 
one hand, and to the strong arched binding plate on the other, each being a 
semi-membraneous plate lying vertically. ‘he dorsal end of each is rounded, 
and its outer side bears numcrous long and short hairs and bristles. It narrows 
ventrally, and bears on the outer side a collection of minute hairs (sensory). 

FEMALE 'TERMINALIA. LARVIPOSITOR. Segments 6, 7, 9 and 10. Figs. 
5; 6. ‘The segmentation of the female abdomen is similar to that of the male, 
and the end is illustrated from the ventral side in fig. 6. Sternum | is a small 
narrow arched plate. ‘The remaining sterna are completely membrancous. 
The extent of sternum 6 is probably represented by some of the anterior 
bristles. Spiracle 6 is located at the margin of tergum 6. ‘Tergum 7 is an arched 
plate and, as in the male, forms the tip of the abdomen ; spiracle 7 is located 
at the antero-lateral edge in the membrane (fig. 6). Sternum 7 is probably 
represented by the membrane bearing the row of bristles and, at the margin of 
spiracle 7, by a small chitinous plate with several bristles (fig. 6). Segment 8 
is wanting. ‘lergum 9 is represented by two large irregularly triangular plates 
joined together and almost entirely filling the space between the postero-lateral 
margins of tergum 7 ; their antero-internal portions are more strongly chitinized 
and bear a number of short stout bristles (fig. 6). Sternum 9 is a small quadri- 
lateral plate lying horizontally and forming the postero-dorsal wall of the vagina. 
Tergum 10 is apparently wanting or membraneous ; it is possible that the small 
plate on the outer side of each cercus represents the remains of the tenth tergum 
(fig. 5, d). Sternum 10 is a small rounded plate, lying between the ana! cerci, 
and forms the ventral wall of the anal opening. 

APPENDAGES. Anal Cercit. Fig. 5, d. ‘The anal cerci are two projecting 
plates on each side of the anal opening ; postero-dorsally they are in apposition, 
but they diverge posteriorly like the roof of a house (fig. 5, d). ‘The anal and 








Fic. 6. Terminalia of 2 longipennis, ventral view. a.c.—anal cercus ; @.o.—anal opening ; 
g.o.—the wide genital opening between 7th and 9th sterna ; spr. 6, spr. 7.—6th, 7th spiracles ; st. 6, 
st. 7, st. 9, st. 10.—6th, 7th, 9th, 10th sterna ; tg. 7.—7th tergum. 


vaginal openings are shown in fig. 6. Chitinous Plate of Uterus (signum). Fig. 
5, 7. A strong folded chitinous plate, the rounded end distal, with two dark 
antero-lateral chitinous areas. Spermathecae. Fig. 5, e. A pair of strong 
round capsules, covered externally with microscopic spines and surrounded by a 
lighter chitinous margin. 

I shall be glad of any additional specimens of the rarer large species of 


Glossina. 
(To be continued) 




















IN SIERRA LEONE, 
THE LIFE-CYCLE OF THE 
CONCERNED, S. MANSONI AND S. HAEMATOBIUM 











BY 
R. M. GORDON 
T. H. DAVEY 
AND 
H. PEASTTON 





THE TRANSMISSION OF HUMAN BILHARZIASIS 


WITH AN ACCOUNT OF 
SCHISTOSOMES 


(From the Sir A, L. Fones Research Laboratory, Freetown, Sierra Leone) 


(Received for publication 10 Fuly, 1934) 
CONTENTS 


INTRODUCTION ve wad ia 
Part I. "THE OCCURRENCE AND TRANSMISSION OF : S. mansoni IN SIERRA 
LEONE ... a ee dat ares 
I. THE INC IDENCE AND SPRE AD OF S. mansoni IN SIERRA LEONE 

I].. "THE RESULTS OF EXAMINING SNAILS IN THE FIELD 


(1) Species and numbers of fresh-water molluscs 


collected 

(2) Species of snails found infected with human and 
with non-human types of cercariae _... 

(3) The distribution of P. pfeifferi, and the proportion 
found infected with human type cercariae at 
various sites F mes is ks yee 

III. "THE TRANSMISSION OF SS. mansoni TO EXPERIMENTAL ANIMALS 

FROM P. pfeifferi a sa els ai 

IV. "THE RESULTS OF ATTEMPTS TO INFECT CERTAIN SPECIES OF 

BRED SNAILS WITH S. mansoni aj 

(1) The results of attempts to infect P. globosa with 
S. mansoni. 

(2) The results of attempts to infect i elmeteitensis 
with S. mansoni 

(3) The results of attempts to infect P. pfeifferi with 

S. mansoni ... — or ous ancl — 
V. 'THE ECOLOGY OF P. pfeifferi ... st is 
Part II. "THE OCCURRENCE AND TRANSMISSION OF SS. haematobium IN 
SIERRA LEONE 
I. "THE RESULTS OF EXAMINING SNAIL Ss IN THE FIELD 
II. "THE TRANSMISSION OF S. haematobium TO EXPERIMENTAL 
ANIMALS FROM P. globosa a oe wae 
III. "THE RESULTS OF ATTEMPTS TO INFECT CERTAIN SPECIES OF 

BRED SNAILS WITH SS. haematobium 

(1) The results of attempts to infect P. pfeifferi with 
S. haematobium 

(2) The results of attempts to infect L. elmeteitensis with 
S. haematobium 

(3) The results of attempts to ‘infect P. globosa with 

S. haematobium ist — oe 
IV. ‘THE ECOLOGY oF P. globosa 


323 


PAGE 
324 


327 
327 
329 
330 


331 








524 


Part II]. ‘'THrE MORPHOLOGY AND BIOLOGY OF THE DEVELOPMENTAL 
STAGES OF S. mansont AND S. haematobium OUTSIDE THEIR FINAL HOST 371 
I. "THE MORPHOLOGY AND BIOLOGY OF THE OVA AND MIRACIDIA 
OF S. mansont AND S. haematobium me ia one 371 
Il. THE DEVELOPMENTAL STAGES OF §S.. mansonlt AND SS. 
haematobium IN THEIR MOLLUSCAN HOSTS, AS STUDIED IN 


P. pfeifferi AND P. globosa RESPECTIVELY bast as wae 

Il. "THe MORPHOLOGY AND BIOLOGY OF THE CERCARIAE OF S. 
mansont AND S. haematobium aes an oy — 380 

(1) The general morphology of the cercariae of 
S. mansoni and S. haematobium ... sind sins 380 

(2) "The cephalic glands of the cercariae of S. mansoni 
and S. haematobium — - ned oa BS4 

(3) "he excretory systems of the cercariae of S. mansoni 
and S. haematobium _ — as ee 387 

(4) The biology of the cercariae of S. mansoni and 
S. haematobium... : 3YI 


Parr IV. 'THE EFFECT OF VARIATIONS IN TEMPERATURE UPON THE 
DEVELOPMENTAL STAGES OF JS. mansont AND S. haematobium, As 


OBSERVED IN P. pfeiffert AND P. globosa RESPECTIVELY... . wo 
SUMMARY... ee or oe nn oe ets iia sshk 404 
REFERENCES _ a ag gi cae od an a 406 
APPENDIX... ae ee sues nas 408 


INTRODUCTION 

A considerable literature has accumulated regarding human_ schisto- 
somiasis in West Africa since the work of Eyles (1887), but the bulk of this litera- 
ture is concerned with the incidence, clinical features and treatment of the 
disease, while comparatively little attention has been given to its transmission. 
Such papers as deal with the transmission of the disease may be divided into three 
classes :—(1) those describing dissections of wild snails and, as a result, in- 
criminating certain species on the ground that the cercariae obtained from them 
appeared to the authors to correspond in morphological detail to certain published 
descriptions of the cercariae of S. mansoni or S. haematobium ; (2) those papers 
which describe successful transmissions to animals from wild snails, and the 
subsequent obtaining of adult schistosomes, indistinguishable from those occur- 
ring in the human host ; (3) papers, very few in number, which, in addition to 
describing successful transmission experiments, include a description of the 
anatomy of the cercariae reputed to be responsible. ‘The evidence brought 
forward in the first type of paper is generally regarded as almost valueless. On 
the evidence produced in the second and third types of paper, it would appear 
legitimate to accept the fact that the species of snail in question is a transmitter 
of a particular form of human schistosomiasis. Whereas in the third type of 
paper it is almost certainly true, in the great majority of cases, that the cercariae 
whose morphology is described are the larval forms of the adult schistosomes 
subsequently obtained, yet there is always the possibility that a mixed infection 
existed in the snail used for infecting the animal, resulting in confusion as to 
which cercaria should be regarded as the larval form of the adults recovered from 
the final host. Other omissions must necessarily follow from this neglect to 
use bred snails. ‘Thus, the developmental stages of the cercariae in their snail 
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hosts are not known with certainty, nor do we know the length of time required for 
their complete development. It would appear, then, that the only means of 
obtaining certain proof that the cercariae, whose morphology and life-history 
are described, are the larval forms of the schistosomes ultimately recovered, is 
to use laboratory-bred snails exposed to infection from an unmixed human 
source. ‘This has been done in the case of certain snail vectors in other parts 
of Africa, but not, so far as we are aware, in West Africa. 

Blacklock and Thompson (1924a) have made an important contribution to 
the subject of S. haematobium in West Africa, by showing that in Sierra Leone 
wild snails of the species Physopsis globosa were found infected with cercariae 
which when allowed to penetrate the skin of monkeys produced this disease, 
and that these animals when examined after death were found to harbour schisto- 
somes morphologically indistinguishable from type specimens of S. haematobium.* 
In addition, Blacklock and ‘Thompson dealt very fully with the morphology 
of the human type of cercariae found in the wild snails they examined. Whereas 
their work left no doubt that P. globosa was a vector of S. haemotobium in West 
Africa, yet, for the reason already given, the possibility remained that the cer- 
cariae they described were not the larval forms of the adult S. haematobium 
which they recovered from their infected animals ; it was this possibility that 
induced us to repeat their observations, using bred snails. As we shall show 
shortly, we have been able to confirm, and in some cases to amplify, most of their 
observations. Ingram (1924) in the same year gave further support to Black- 
lock and ‘Thompson’s contention by showing that in the Gold Coast 1-2 per 
cent. of P. globosa were found naturally infected with a cercaria which he considered 
to be that of S. haematobium, and further that in wild snails this percentage 
could be increased to over 50 per cent. by exposing such snails to miracidia from 
a human case. His failure to infect animals with human type cercariae was 
possibly due to his use of unsuitable hosts (7. decumanus and M. rattus), since 
in Sierra Leone we have found white rats to be resistant to infection with both 
species of human schistosomes. ‘Taylor (1932), working in the Kagoro district 
of Northern Nigeria, recorded a localized outbreak of schistosomiasis caused by 
‘S. mansoni amongst some Europeans who had bathed in a particular pool ; 
investigation showed the presence of two species of Planorbis, the infection 
appearing to be confined to one species which was identified as P. pfeifferi and 
in which fork-tailed cercariae of the human type were found ; animal infection 
experiments were not carried out. 

Maass and Vogel (1930) and Vogel (1932), working in French Guinea, have 
published by far the most comprehensive descriptions of S. mansoni transmission 
in West Africa ; in addition, they have carried out some observations on S. haema- 
tobium in Liberia. They did for S. mansoni what Blacklock and ‘Thompson 
had done for S. haematobium, and showed that P. pfeifferi (at first identified by 

* Blacklock and Thompson record that the infected monkeys passed S. haematobium 


ova in their urine, but after a long period of observation ova ceased to be passed, and only 
males were recovered at the autopsy. 
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them as P. choanomphallus, but later corrected to P. pfeifferi by Professor Degner 
and by Major Connolly) was the intermediate host of S. mansoni in that locality. 
These authors also were unable to obtain bred specimens of the snail vector and 
were obliged to work with wild material. In their work on S. haematobium, 
although P. globosa existed in the district they failed to find wild snails infected 
with the human type of cercariae, and their attempts to infect such snails with 
miracidia obtained from the urine of S. haematobium patients were unsuccessful, 
as in the case of Archibald and Marshall (1932a) in Egypt. One of us (Peaston, 
1933) has recently recorded an outbreak of S. mansoni in Sierra Leone, in which 
the local vector appeared to be P. pfezfferi. Snails of this species were found to 
be infected with human type cercariae, but the complete description of the 
morphology and life-history of the cercariae was reserved for the present conjoint 
paper. In addition to these five references, other papers have been published 
which deal with various aspects of the life-history of the human schistosomes 
in West Africa, but they would appear to contain little of importance in this 
connection which is not included in the publications already referred to. 

The situation, therefore, regarding the transmission of schistosomiasis 
in West Africa would appear to be briefly as follows : various writers, particularly 
Blacklock and ‘Thompson (1924a), have proved that S. haematobium is conveyed 
by P. globosa, and other investigators, notably Vogel (1932), have similarly shown 
that S. mansoni is conveyed by P. pfeifferi ; but, since none of these writers used 
bred snails in their experiments, there is no conclusive proof that the cercariae 
they describe are those of S. haematobium and S. mansoni, respectively. 

The present investigation was undertaken during the period February, 
1932, to July, 1934. The field work was chiefly carried out in a native town 
in the northern part of Sierra Leone, where one of us was resident throughout 
the greater part of the time, while the laboratory investigations were mainly 
conducted in Freetown. Since no recognized snail vectors of S. haematobium 
or S. mansoni are known to occur in Freetown or for a considerable distance 
round it, it was essential to establish strains of the probable snail vectors in the 
laboratory. After a few failures, this was accomplished, and a full description 
of the methods used in breeding them will be given in the Appendix accom- 
panying this report. For the purpose of infecting these bred snails, we used 
S. haematobium ova from natives living in Freetown who had acquired the disease 
in other parts of the Colony. S. mansoni infections were not available in Free- 
town, and we obtained a strain of the schistosome by infecting bred snails in the 
Freetown laboratory from a case especially sent from the endemic centre, 
the disease subsequently being transmitted to, and maintained in, monkeys. 

Although the title of our paper has a local application, most of the obser- 
vations recorded as referring to Sierra Leone will probably prove to appiy equally 
to the rest of the West Coast of Africa, for, so far as can be gathered from the 
literature, the snail vectors are the same, and the biological conditions in which 
they exist are for the most part similar. 
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PART I 


THE OCCURRENCE AND TRANSMISSION OF S. MANSONI IN 
SIERRA LEONE 
The more important papers on S. mansoni in West Africa have already 
been referred to in the general introduction. Until the occurrence of the out- 
break described by Peaston (1933), schistotomiasis due to S. mansoni was un- 
doubtedly of very rare occurrence in the Colony of Sierra Leone. Scattered 
references to cases of the disease occur in the Annual Medicaland Sanitary Reports 
of the Colony from the year 1909 onwards, but the total number of cases thus 
recorded only amounts to ten. During routine examinations in our laboratory 
we have only encountered some twelve cases in the past ten years. Most of 
these cases came from widely separated areas and did not suggest any particular 
focus of infection. Blacklock (1924 and 1930) conducted surveys in various 
parts of Sierra Leone and commented on the rarity of the disease as contrasted 
with the prevalence of S. haematobium infections. 


I THE INCIDENCE AND SPREAD OF S. MANSONI IN 
SIERRA LEONE 

Sierra Leone is bounded on the east by Liberia and on the north and 
north-east by French Guinea, in both of which countries the presence of 
S. mansoni infection has been recognized for many years. It appears probable 
that the disease has only recently spread south into Sierra Leone from French 
Guinea, for Maass and Vogel (1930) working in the latter Colony have shown 
that certain native villages close to the Sierra Leone border are intensely infected, 
in some of the villages no less than 68 per cent. of the inhabitants suffering 
from the desease. As already mentioned, no endemic focus of S. mansoni was 
known in the British Colony until 1932, when Peaston recorded a focus at a 
town called Kabala lying some forty miles south of the French border. It was 
at this village that our present investigations on this parasite were mainly 
undertaken. 

We were at first under the impression that the disease was limited to the 
town of Kabala, particularly as the nearest village, named Benekoro, had revealed 
no human cases and Planorbis was not known to occur there ; but a recent trek 
undertaken in the neighbouring district has shown the presence of the disease 
in a small village called Sonkonia some twenty miles north-east of Kabala, 
where infected Planorbis were found and where the presence of the disease was 
confirmed by examination of the faeces of some of the inhabitants. The natives 
in these small villages are of a very primitive type and seldom present themselves 
for treatment, so that it is probable that further investigation would show rectal 
schistosomiasis to be far more widespread in the district than has previously 
been thought.* 





* Since the above was written, cases of S. mansoni have been recorded from three or 
four other small villages, and infected P. pfeifferi have been found in their water supplies. 
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Kabala is a native town of some sixteen hundred inhabitants mainly of 
Koranko and Mandingo stock, with, of course, immigrants from other tribes. 
The village of Baoria, which, as will be seen from the map, really forms a part 
of Kabala, is inhabited by Limbas, a tribe possessing very different domestic 
customs from the tribes just mentioned. ‘The town is situated some 1,500 feet 
above sea level, on a small river called the Mase, in the mountainous country of 
the extreme north of Sierra Leone. It lies on a plain forming a flat saucer-like 
depression about one mile in diameter surrounded by high hills. ‘The plain 
is watered by the Mase, which is joined by a number of short tributaries, the 
majority of which persist throughout the dry season, so that in the rains much 
of the land between them assumes the character of a swamp. Unlike much of 
the surrounding country, trees are not numerous and the country presents a 
very open appearance. 

Since the publication of Peaston’s paper in 1933, further figures have been 
recorded by us from the district, and the total results can now be stated as 
follows :— 

TABLE I 


Showing the incidence, arranged according to sex, age and tribe, of SS. mansoni infection amongst 
215 natives examined at Kabala during the period 1932-34 

















Numbers examined Percentage infected amongst 
Total Total 
Tribe natives | | Children percentage Children 
examined, Adult Adult = under 15 infected Adult = Adult | under 15 
males females years _ males __ females years 
Koranko 49 13 | 15 21 34:7 23-1 | 33:3 | 42-9 
Mandingo 55 |§ 15 | 16 24 25-5 13-2 31-2 | 29-2 
Limba = 42 9 | 13 20 16-7 0 ~ 3885 | 10-0 
Other | | | | 
tribes | 69 | 22 | 17 + | ~ 30 101 | Ol 17-6 | 6-7 
Totals 215 59Ctté«éS*@OL: 95 20-9 11-9 29-5 21:1 





It must be remembered that the cases recorded above were noted amongst 
natives attending hospital for various complaints, and that the infection rate 
amongst normal persons may be lower. 

It will be seen from the above Table that the Korankos and Mandingos 
show a higher incidence of infection than the other tribes. This is quite 
possibly due to the fact that these tribes form the main population of the villages 
of Yogomaia and Kabala proper, and almost exlusively make use of that stretch 
of stream which we shall later show is the chief centre of infection, while the 
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Limbas use bathing pools further down the stream. ‘The high rate of infection 
amongst the women and children as compared with the men is very interesting, 
and can almost certainly be explained by the much greater exposure to infection 
of the women that the men, for amongst these tribes it is the task of the women 
to draw all the water required for domestic purposes and also to wash the house- 
hold clothes in the streams. In addition, it is the custom amongst them to bathe 
twice daily, whereas the males, unlike those in most other parts of Sierra Leone, 
rarely bathe more than once a day. ‘The high proportion of infection amongst 
the children of both sexes is probably due to the same causes, and to the fact 
that they spend long hours playing in the water. 

We have already stated that we think that S. mansoni was of recent intro- 
duction into the district. ‘This view is supported by the fact that a steady increase 
in the infection rate amongst the inhabitants of Kabala was noted to occur 
until such time as sanitary reforms were instituted in the village. Thus, 
in 1930, 56 persons were examined and 2 per cent. found positive ;_ in 1931, 
3 per cent. were found positive amongst 39 persons examined; while in 1932, 
amongst 100 cases examined, 27 were found positive. During this latter year 
attempts were made to control the epidemic, and in 1933 the infection rate had 
fallen to 18 per cent. amongst 60 persons examined; in 1934, up to the present 
time, 12 per cent. have been found positive amongst the 57 natives so far examined. 
This progressive increase in the infection rate would probably have been even 
more marked if the focus of S. mansoni infection had occurred amongst some of 
the neighbouring tribes, whose habit it is to defaecate and urinate directly into 
the same water as that which they use for their ablutions. Observations made 
at Kabala have convinced us that, whereas direct pollution of the water in this 
way sometimes occurs, it is more usual for defaecation to take place in the bush, 
sometimes on the margins of the streams but more usually further inland. ‘These 
habits would appear to be reflected in the fact that the washing places at Kabala 
and in other parts of the Koranko country do not show the gross contamination 
with faeces which is so evident in some of the neighbouring tribes, and which 
caused Blacklock (1924) to refer to some of the bathing places in such districts 
as ‘ water latrines.’ 

Il. THE RESULTS OF EXAMINING SNAILS IN THE FIELD 


We are greatly indebted to Major Connolly, of the British Museum (Natural 
History), not only for his help in the identification of the species of snails 
collected, but also for his advice regarding their anatomy and biology. The 
question of the exact identity of the species incriminated, P. pfeifferi (and of 
P. globosa, whose association with S. haematobium will be dealt with in the second 
part of the paper), has been the subject of a certain amount of controversy 
amongst conchologists. It is sufficient here to state that only one species of 
Planorbis was found in significant numbers* by us during the course of our 





* A total of some 32 P. caustulatus was found in various other villages, none of which 
contained human type cercariae on dissection. 
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field work, and, since this snail appeared to be identical with that described as 
P. pfeifferi by certain other writers in West Africa, we propose to refer to it by 
that title throughout this communication. It will, however, be explained by 
Major Connolly in a paper which appears in the current number of the 
‘Annals,’ that the snail described as P. pfeifferi by Vogel in 1932 and by 
the writers in the present communication is in reality of the species 
P. stanleyi Smith (= bridouxi). ‘The differences between P. stanleyi and 
P. pfeifferi are, however, so slight that they can only be recognized by an expert, 
and we therefore considered that less confusion would result if we employed 
the same name as that used by Vogel. 

During the period under review, namely, February, 1932, to July, 1934, 
snails were collected from the streams in the town of Kabala and its neighbour- 
hood. Isolated pools were extremely rare in this area, and such as did exist 
were never found to harbour molluscs. The stream at Kabala, in which numerous 
P. pfcifferi were found, flowed between well-defined raised banks, for the most 
part clothed only with grass ; since trees were rare, it was, during the greater 
part of its course, exposed to sunlight at all hours of the day. All the washing 
pools in this stream had been partially or completely cleared of vegetation, 
but other portions of the stream were often overgrown with water-plants, the 
three commonest being F. pauciflora, A. zizanioides and FE. fistulosa. In this 
stream it is most unusual to find more than an inch or two of mud anywhere 
on the bottom. Where the flow was brisk, sand or even bare clay formed its 
bed, but where the stream was more sluggish this was covered with a thin 
surface layer of mud on sand. ‘This description of the habitats of P. pfeifferi 
differs greatly from the account which Blacklock (1924) gives of those streams 
in the Konno country where P. globosa (the vector of S. haematobium) occurs in 
large numbers. We have visited this part of Sierra Leone, and can confirm 
Blacklock’s statement that there the streams flow sluggishly through swampy 
ground between ill-defined banks, frequently so thickly clothed with high 
vegetation that approach is difficult. It should be noted, however, that the streams 
at Benekoro and at Sonkonia where P. globosa were collected for this investigation 
(in the latter locality in association with P. pfezffer’) resembled more closely the 
P. pfeiffert-infested streams at Kabala than the P. globosa-infested streams of 
the Konno country. 

It is of importance to note that in Kabala, as in most native villages, almost 
all roads leading into the town cross streams just before they reach the village. 
Some of the larger streams are bridged, but many of the smaller ones must be 
waded. The distribution of the streams and the nature of the country is best 
seen from the attached map and the photographic illustrations at the end of this 
paper ; on this map are indicated the sites at which were found the snails described 
in the next section. 

(1) Species and numbers of fresh-water molluscs collected. For the purpose 
of estimating the proportions of the various species of fresh-water snails occurring 
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in the district, a total of 9,784 live snails were collected at Kabala and the neigh- 
bouring villages of Benekoro and Sonkonia. Lymmnoea elmeteitensis was probably 
the commonest fresh-water mollusc in the district, but having collected some 
hundreds of specimens for dissection, no further record was kept of the extent of 
its occurrence. ‘The remaining snails collected at Kabala consisted of 6,443 
Planorbis pfeiffert, 155 Bulinus forskali and 73 Ferrissia sp. It will be noted 
that amongst this large number of snails collected at Kabala, P. globosa, which, 
as we shall later show, we have confirmed as a carrier of S. haematobium, was 
never encountered—a point of considerable interest, since we found a high 
proportion (13-5 per cent.) of the inhabitants of this town infected with 
S. haematobium, although Blacklock and ‘Thompson (1924a), when they examined 
the area 10 years previously, found no cases amongst 40 persons examined 
in this town. 

At Benekoro, which represented the chief centre of our S. haematobium 
investigation, no P. pfeifferi were found. The 2,126 snails collected there 
consisted of 1,241 P. globosa, 881 Lymnoea elmeteitensis, 2 B. forskali and 2 
P. caustulatus. 

In the village of Sonkonia, already referred to, 1,043 snails were collected, 
consisting of the following species : 689 Lymnoea spp. (elmeteztensis and caillaudt), 
278 Planorbis pfeifferi, 2 Planorbis caustulatus and 76 Physopsis globosa. 

The following data regarding the snails were recorded in every instance : 
species, site, habitat (whether found resting on stone or mud, etc., or, if clinging 
to vegetation, the species of plant). Notes having been made on these points, 
the snails were washed in running water which had been filtered and boiled. 
Those which were to be kept under observation for the shedding of cercariae 
were put singly into numbered test tubes containing about 10 c.cm. of water, 
and were observed for periods of 1 to 6 days, the water being changed daily ; 
those which died during this period were dissected as soon after death as possible. 

(2) Species of snails found infected with human and with non-human types 
of cercariae. A collection was made of all the types of cercariae encountered, 
but only in the case of those of the human type was their morphology and life- 
cycle studied. For the purpose of the present report, all cercariae other 
than those of the human type are grouped together and referred to throughout 
the text as ‘ animal type cercariae.’ 

Of the 6,615 snails collected at Kabala, 2,033 were dissected immediately 
after capture or within a period of 6 days, the great majority being dissected 
after 24 hours’ observation for the shedding of cercariae. The results of these 
dissections were as follows :—of 104 L. elmeteitensts, 28 (26-9 per cent.) showed 
animal types of infection ; of 109 B. forskali, 38 (34-9 per cent.) showed animal 
infection and 8 (7:3 per cent.) showed immature infection, i.e., the parasites 
were too immature to classify ; of 69 Ferrissia sp. dissected, 11 (15°9 per cent.) 
showed animal infection. No human infections were found amongst the small 


numbers dissected of these three species. Of 1,751 P. pfeifferi dissected, 669 
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(38-2 per cent.) showed animal types of infection, 34 (1-9 per cent.) showed im- 
mature infections, 134 (7-7 per cent.) showed the presence of cercariae of the 
human type, while 34 (1-9 per cent.) showed a mixed infection of the human and 
animal types. ‘The total human infection rate amongst the P. pfezfferi collected 
in this district was therefore 9-6 per cent. ‘This figure includes a certain number 
of snails which shed human type cercariae, but, since they were required foranimal 
infection experiments, they were not dissected. 

Of the 1,043 snails collected at Sonkonia, 252 P. pfciffert were similarly 
dissected ; 44 of these (17-5 per cent.) were found infected with human type 
cercariae, 12 (4-8 per cent.) with animal type, and 3 (1-2 per cent.) with forms 
too immature for identification. Of 54 P. globosa dissected, 32 (59-5 per cent.) 
were found infected with human type cercariae, and a further 2 specimens 
(3-7 per cent.) with forms too immature for identification. No definite animal 
infections were noticed in this species at Sonkonia, and none of the Lymnoea 
collected were dissected. 

At Benekoro 711 P. globosa were dissected, of which 72 (10-1 per cent.) 
showed human infection, 8 (1-1 per cent.) mixed human and animal 
infection, giving a total of 11:2 per cent. showing human infection. Forty 
(5:6 per cent.) were infected with animal cercariae, and 9 (1-3 per cent.) 
with forms too immature for identification In addition, 143 specimens of 
Lymnoea and 1 P. caustulatus were examined ; the solitary P. caustulatus was 
infected with animal type cercariae, while 28 (19-5 per cent.) of the Lymnoea 
showed a similar type of infection. 

It will be seen from the above that human type infection was only found 
in P. pfeiffcri and P. globosa. 

It will be noted that a high proportion of all the snails examined showed 
infection with animal type cercariae. Frogs abound in the stream at Kabala, 
and it is interesting to note that on one occasion our work in Freetown was 
held up for some time by the appearance of an animal type infection amongst 
our bred snails, which was eventually traced to the presence of frogs which 
had gained access to the breeding tubs. Wading birds of all descriptions can 
constantly be seen in the streams and probably account for a number of the non- 
human types of infection observed in the snails. 

We have made reference to the fact that the morphology and life-cycle of 
the animal type cercariae were not studied; but during our investigation we 
were impressed with the possibility of S. bovis occurring in the district, especially 
as the Koranko country is one of the few parts of Sierra Leone where domestic 
cattle are at all numerous and as P. africana, allied to our P. globosa, has been 
stated to be a vector of this parasite in South Africa, while Blackie (1932) records 
cases of human and animal infections with S. mattheei in Southern Rhodesia, 
and states that the vector in this part of Africa is ‘P. africana var. globosa.’ 
For the following reasons, however, we are inclined to think that, if present, 
this parasite is of very rare occurrence. (1) Although natives in French Guinea 
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are said to recognize ‘ red gonorrhoea’ amongst their cattle (possibly due to 
S. bovis or possibly due to Babesia), the herdsmen in the Kabala district are 
not aware of any such disease amongst their cattle. (2) One of us (H. P.) 
examined post mortem more than 600 sheep, goats and oxen during the years 
1930-1933, and recorded the presence of trematodes in some 5 to 10 per cent. 
without observing any schistosomes ; he made no particular search, however, 
for the presence of S. bovis. In 1934, a special examination for the presence 
of this parasite was carried out amongst the 33 oxen slaughtered, with negative 
results, 14 of these animals being further examined for the presence of ova by 
maceration of portions of the bladder and rectum in caustic soda. (3) In all 
the vesical infections amongst natives observed by us at Kabala and its 
neighbourhood, the eggs passed always corresponded to those of 
S. haematobium. (4) None of the laboratory animals infected by cercariae obtained 
from wild snails collected in this district developed an S. bovis infection. 

(3) The distribution of P. pferifferi, and the proportion found infectcd with human 
type cercariae at various sites. At Kabala the whole area of stream shown in 
the accompanying map, a distance of approximately two miles, was searched at all 
seasons during a period of two years. It soon became evident that P. pfeifferi was 
never found outside a limited area of some 1,100 yards, which has been 
demarcated on the map as lying between ‘I’ and ‘ VI.’ Indeed, the concentra- 
tion was even more marked, for, although snails did occur throughout the course 
of this stretch of stream, their greatest concentration was at the bathing pool 
marked ‘ IT,’ so that, of some 6,500 P. pfezfferi collected in this 1,100 yards, almost 
one-third occurred in this pool which measured only 40 yards in length. It is of 
interest to note that, during the earlier part of the investigation, P. pfeifferi was 
almost entirely confined to this one pool, but, following the inauguration of 
anti-molluscan measures which necessitated the clearing of all vegetation from 
the bed and banks of the stream, a surprising increase was noted in the 
numbers found at various points down-stream. The reason for this 
concentration of snails is not clear, for at many points in the course of the 
stream above and below this area apparently equally suitable habitats occurred 
where no snails could be found. 

Since so few snails were obtainable at an point except in the area described, 
we can only give adequate figures for the incidence of human type infection 
amongst the snails collected at certain points in the course of the stream. (1) The 
stretch of stream from ‘ I’ to ‘ II,’ a distance of about 400 yards which was little 
used for washing by the natives, yielded 168 snails, none of which showed human 
type infection. (2) The pool marked ‘ II’ on the map was one of the more fre- 
quented bathing places ; although not used by such large numbers of natives 
as some of the other pools, on an average probably some 30 to 40 natives used it 
daily. It was most frequented by men, but, as has already been mentioned, the 
rules governing the use of the bathing places were not strict, and it was used by 
both sexes. In this pool a total of 967 P. pfeifferi were collected for dissection 
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purposes, and 10-3 per cent. of these were found to be infected with S. mansoni 
cercariae. (3) The bathing pool at ‘ II’ was separated from the next washing 
place downstream (marked ‘ III’ on the map) by about 150 yards, and in this 
area 123 P. pfeifferi were collected, 8-1 per cent. of which showed infection with 
human type cercariae. (4) The washing place at ‘ III,’ which was supposed to 
be used by women and children only, yielded 217 P. pfeifferi, of which 15-2 per 
cent. were similarly infected. (5) In the intervening 200 yards between washing 
places‘ III ’ and‘ IV,’ we collected 119 P. pfeifferi for dissection purposes. ‘This 
portion of the stream gave the highest infection rate, 17-6 per cent. of this species 
showing human type infection. (6) From this point onwards, i.e., from bathing 
pool ‘ IV,’ we found an increasing difficulty in obtaining snails. Of 157 Planorbis 
collected in and between the bathing pools ‘IV’ and ‘ VI,’ a distance of 400 
yards, only 4 (2-6 per cent.) were found infected with human type cercariae. 

The remaining part of the stream, which measures some 1,100 yards from 
the washing place at ‘ VI’ to where it vanishes amongst small rice farms below 
the washing place at ‘ X,’ was searched throughout its length at various times over 
a period of some two years, during which time not a single Planorbis was recorded 
at any point in its course. 

This very careful examination of the Mase at Kabala has convinced us 
that S. mansoni cercariae are only discharged into the stream throughout the 
limited area which has been described as lying between the washing places at 
‘II’ and ‘ VI,’ and, if we consider the number of snails collected in the various 
parts of this area together with the proportion found infected amongst them, 
the area ‘II’ to ‘IV’ may be regarded as the only intensely infected part of 
the stream. 

At Sonkonia, the only other village where we found P. pfeifferi infected 
with human type cercariae, an even more striking localization of this species 
was noted. In this small village of some 260 inhabitants, only three bathing 
places were in constant use, and although the streams were searched throughout 
the length of their passage near the village no P. pfeifferi were found except in 
the bathing places. In one of these bathing places no Planorbis were found in 
14 boy-hours, in a second only 3, while the third yielded a total of 277, giving 
an index of 6-2 snails per boy per hour. ‘Two hundred and fifty of these were 
dissected, and 17-5 per cent. were found to be infected with human type cercariae. 

An interesting problem is presented if we consider to what extent this 
localization of infected snails influences the infection rate amongst the human 
population. It is obvious that, though the snails may be localized, the cercariae 
they discharge will have a wider though limited distribution, for their density 
will decrease the further they are carried down stream from the place where 
they were shed. It would appear probable that the nearer the water-supply of 
a particular village is to a localized concentration of infected snails, the higher 
will be the incidence of human infection amongst its population. ‘The following 
facts collected at the small villages which compose the town of Kabala appear 
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to bear out this statement. At this point it is advisable to refer to the attached 
map which shows the relationships of the various small villages of Kabala to the 
stream which flows through it. On redistributing the human cases of S. mansoni 
infection, already recorded, according to the villages from which they came, it 
is not surprising to find that the village of Yogomaia, whose inhabitants use the 
stream from the bathing pool at ‘ III’ down to ‘ VI’ (part of the intensely 
infected area), shows a higher incidence of S. mansoni infection amongst its 
population (54 per cent. of the cases examined) than do the other villages. ‘he 
Court Messengers’ Lines show the second highest human infection rate (32 per 
cent.), and for its inhabitants the bathing place at ‘ V’ is exclusively reserved, 
this being just down stream from the intensely infected part. ‘The people of 
the village of Kabala mainly use the bathing pools at ‘ VI’ and ‘ VII,’ and 
amongst the natives examined from this village only 18 per cent. proved to be 
suffering from rectal schistosomiasis. ‘The remaining village, Baoria, confines 
its use of the river to the area between ‘ VIII’ and ‘ X,’ an area some distance 
from the infected portion of the stream and one in which P. pfetfferi was never 
found. ‘This fact is reflected in the incidence of infection, for amongst the 
inhabitants of this village only 8 per cent. proved to be infected with S. mansoni. 

We have paid particular attention to the variation in the proportion of 
P. pfeifferi found infected with human type cercaria at different seasons of the 
year. We are unable to give complete figures for the seasonal variation through- 
out a 12-month period owing to the fact that the field work was interrupted for 
periods of 3 months in each successive year. We have, however, records of the 
number of snails collected and the proportion found infected in certain areas 
during 9 months of the year (November to July). These figures show that in 
February the proportion of P. pfeifferi infected with human type cercariae fell 
to below 3 per cent., whereas in December it rose to more than 30 per cent. 
Leiper (1918) and Manson-Bahr and Fairley (1920) have also noted seasonal 
fluctuations in the infection rate amongst snails dissected by them in Egypt. 
At first we were inclined to attach significance to this variation and, perhaps not 
unnaturally, thought that the risk to the individual of acquiring infection 
fluctuated directly with the fluctuation in the incidence of infection amongst 
the snails. After further investigation, however, we came to the conclusion, for 
the following reason, that this was not necessarily the case. ‘The number of 
infected snails in a particular area may remain constant, and the marked fall in 
the infection rate amongst the snails examined at one season of the year as com- 
pared with another may be due to an influx of young and therefore uninfected 
snails. Such a variation does occur at Kabala early in the year, that is to 
say, at the very time when the fall in the infection rate amongst snails is most 
marked. In order, therefore, to estimate seasonal variations in the risk of con- 
tracting the disease, it is necessary to know the density of the snails as well as 
the proportion found infected. 

Apart from its influence on the risk to the individual, the marked seasonal 
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variation in the infection rate, which we have recorded amongst the snails 
dissected at Kabala, requires explanation. Excluding the diluting effect of the 
influx of young snails on the infection rate, which has already been discussed, 
a number of other factors was noted, which appeared capable of affecting the 
infection rate. At the commencement of the rainy season infected excreta 
deposited on the banks will tend to be washed into the stream and so raise the 
incidence of snail infection. Another factor which will have some slight effect 
is variation in the water temperature, which, as we shall show in Part IV, is capable 
of slowing or accelerating the developmental cycle in the snail, thus producing 
some slight seasonal variation in the infection rate. Further, in a stretch of 
stream so short as that at Kabala where only a proportion of the small 
human population is infected, the constant use of a particular pool by even one 
infected individual may cause a rise in the infection rate amongst the snails in 
that pool. This rise may be purely local, and, during the course of our field 
work, we have observed instances where such a rise was not accompanied by a 
similar increase of the infection rate in pools only a few yards distant up or down 
stream. In view, therefore, of the number of factors involved, we are of the 
opinion that it would be unwise to consider any one factor as being responsible 
for these fluctuations without a much more extensive survey in which each of 
the factors could be considered separately. 


Ill. THE TRANSMISSION OF S. MANSONI TO EXPERIMENTAL 
ANIMALS FROM P. PFEIFFERI 


The animals used in our transmission experiments with S. mansoni and 
S. haematobium were white rats imported from England, guinea-pigs which had 
been bred locally and monkeys captured in the vicinity of Freetown. All these 
animals had their urine and faeces examined to exclude the possibility of a natural 
infection with schistosomes. Cameron (1928) records the fact that monkeys 
were found naturally infected with S. haematobium at St. Kitts in the West 
Indies. We have had no opportunity of examining monkeys in the district, and 
it is conceivable that a similar infection may exist amongst them in that part of 
Sierra Leone where our investigation was carried out ; but this question does not 
arise in connection with our transmission experiments, since the monkeys used 
by us were all obtained in the neighbourhood of Freetown, where the snail 
vectors of human schistosomiasis are not known to occur. 

Vogel (1932) has proved P. pfeifferi to be the carrier of S. mansoni in French 
Guinea by infecting monkeys with the cercariae obtained from collected speci- 
mens of P. pfeifferi, and by subsequently recovering typical adult male and 
female S. mansont. 

In Sierra Leone we have similarly infected monkeys and guinea-pigs by 
exposing them to cercariae obtained from naturally infected P. pfezferi found 
at Kabala, and, having accomplished this, we have proceeded similarly to trans- 
mit the infection through bred snails. In each instance samples of the cercariae 
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obtained from naturally infected P. pfeifferi and from laboratory-bred P. pfeifferi infected from 
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used were retained and mounted in various ways as controls in case any anomalous 
result should occur in the infected animal. Descriptions of the techniques used 
throughout this work will be found in the Appendix. 

The results of our infection experiments are shown in Table II. 

The results shown in Table II confirm the work of Vogel (1932) in French 
Guinea and prove that P. pfeifferi is a local vector of S. mansoni in Sierra Leone. 

In Part III we shall fully discuss the morphology of the miracidia, cercariae 
and adult worms used in, and obtained as a result of, these experiments. In 
order, however, to avoid reiteration we wish to emphasize at this point the fact 
that the morphology of all stages, from egg to adult worm, of the strain of 
S. mansoni established in our experimental animals by using cercariae obtained 
from naturally infected snails, was identical at all stages with that obtained by 
using cercariae from bred snails previously exposed to infection with miracidia 
from a human source. 

It can be seen from ‘Table II that certain species of laboratory animals 
proved to be more susceptible than others to infection with S. mansoni. In the 
case of the 7 white rats exposed to infection, penetration by the cercariae was 
almost uniformly good ; nevertheless, this species of animal proved an unsatis- 
factory host, since adult trematodes were never found at the autopsies, and in 
one case, animal no. 9, which died 8 days after the first exposure to infection, a 
careful microscopic examination of skin, blood and lungs failed to reveal any 
developing trematodes. This failure to infect white rats is in agreement with 
Bettencourt and Borges (1922), who failed to infect one white rat with S. mansont. 
Porter (1920a) infected a white rat with cercariae—which she believed to be 
S. mansoni—obtained from P. africana, but, since only immature worms were 
found at autopsy, the identity of the cercariae originally used must be regarded 
as doubtful. It is interesting to note that in our experiments with S. haematobium 
cercariae negative results were also obtained when white rats were exposed to 
infection. ‘Thus, 4 white rats were penetrated by S. haematobium cercariae 
obtained from naturally infected P. globosa, the doses used varying from 45 
cercariae in the case of one animal to 3,000 in another instance. When killed 
and examined at periods varying from 54 to 133 days after the first exposure to 
infection, all were found free from trematodes, nor were any lesions indicative 
of previous infection found present. Ingram (1924), working with a strain of 
cercariae obtained from P. globosa in the Gold Coast, failed to infect 9 wild rats 
(M. decumanus and M. rattus). Although in our experiments we failed to infect 
white rats with S. haematobium, other workers have been more successful ; 
thus Leiper (1918) and Porter (1920a) obtained sexually mature trematodes after 
exposing these animals to cercariae obtained respectively from B. contortus and 
P. africana. 

The guinea-pigs used by us were locally purchased animals from a strain 
long established in the Colony. They seemed susceptible to infection, as judged 
by the results, 8 out of 11 showing the presence of mature or immature worms 
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when examined 72 to 194 days after exposure. With one exception, the absence 
of lesions in these infected guinea-pigs was most striking, for even in animals 
with several hundred worms practically no lesions could be observed. ‘The 
exception referred to is no. 19 in the ‘Table. ‘This animal received a dose of 
1,600 S. mansoni cercariae ; from this time until it was killed, 194 days later, no 
ill effects were apparent. At the autopsy it was found to be fat and well- 
nourished, but the liver was markedly cirrhotic, and when digested with caustic 
soda yielded some 150 S. mansoni ova. ‘Vhe only other organs which appeared 
to be affected were the lungs, which showed evidence of infarction and old 
haemorrhages. 

Amongst the infected guinea-pigs, the trematodes were usually confined to 
the liver and the veins from the small intestine and the caecum ; it was noticeable 
in the case of guinea-pigs that when only male worms occurred they were usually 
confined to the liver and its immediate neighbourhood, while paired worms were 
almost always found in the branches of the superior mesenteric vein, though a 
few were recovered from the superior and inferior haemorrhoidal. 

Five monkeys, Cercopithecus sp., were exposed to infection with cercariae 
from infected P. pfeifferi, and all five within a period of 44 days passed S. mansoni 
ova. The first monkey (no. 20), which received a dose of some 12,000 cercariae, 
became ill within 41 days of its first exposure to cercariae, passed blood-stained 
mucus containing S. mansoni ova, and died in a very emaciated condition some 
10 days after the first symptoms of infection. ‘The second monkey (no. 21), 
which received a single dose of some 3,200 cercariae, first passed ova 44 days 
from the date of exposure, but, unlike monkey no. 20, although passing blood 
and mucus in its stools, never became noticeably ill and continued to pass ova 
though remaining in good health for 13 months, when it was killed. Presumably 
this freedom from symptoms was due to the comparatively small number of 
cercariae which were allowed to penetrate. ‘The third monkey (no. 22) of the 
Same species was exposed on 3 occasions to a total of 9,000 cercariae of a‘ wild ’ 
strain passed through bred snails. It developed symptoms of dysentery with 
the passage of blood and mucus containing many S. mansoni ova, and behaved 
similarly to monkey no. 20, becoming ill on the 42nd day and dying 16 days 
later. ‘The fourth monkey (no. 23) was infected with cercariae from bred snails 
previously exposed to miracidia obtained from the faeces of a patient suffering 
from S. mansoni infection. It first showed symptoms of dysentery and the 
presence of lateral spined ova in its stools 42 days after its first exposure to 
infection. For the first 3 months after the appearance of ova in the faeces this 
animal appeared to be only slightly affected by its schistosome infection. Later, 
however, it rapidly lost weight, became very anaemic, and, when in extremis, was 
killed some 6 months after the first exposure to infection. ‘The fifth monkey 
(no. 24) received a dose of 3,000 cercariae obtained from bred snails previously 
infected from monkey no. 23, i.e., it was infected with a human strain passed 
through bred snails. It developed diarrhoea without the presence of blood or 
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mucus some 30 days after exposure, and passed ova in its faeces 57 days after 
penetration by the cercariae ; from that date it has remained in apparently good 
health, although continuing to pass ova. 

All these animals when examined after death showed similar lesions, which 
corresponded so closely to those described by Fairley (1920) and Liu (1932) that 
it is unnecessary to describe the pathology of S. mansoni as studied in monkeys 
in Sierra Leone. 

It will be seen from ‘Table II and the comments which follow it that in 
our series of experiments monkeys always proved susceptible to infection, while 
white rats proved entirely refractory. In the case of the guinea-pigs, whereas 
cercariae developed to maturity in 8 out of 11 of these animals, yet it will be 
noted that in 4 out of the 8 positives only one sex was represented amongst the 
schistosomes recovered, in each of these instances only males being present. 
Similarly it was observed that on the two occasions on which we successfully 
infected guinea-pigs with S. haematobium, only male schistosomes were subse- 
quently found, although 3 monkeys infected from a similar source all showed 
the presence of both sexes. 

This phenomenon has been noted by other writers, such as Liston and 
Soparkar (1918) and Fairley et al. (1930); but while these workers never 
recovered female schistosomes from their infected guinea-pigs our results and 
those of Vogel (1932) show that both sexes may occur. It is remarkable, however, 
that, in spite of the fact that some of the female schistosomes recovered by us 
contained ova, these were never observed in the routine examination of the 
faeces made during the life of the animal. Nevertheless, by means of maceration 
of the tissues in sodium hydrate, we were able to demonstrate the presence of 
ova in the liver, and therefore to prove that their absence from the faeces was 
not due to retention in the uterus of the female worm. Although in some cases 
adult worms of both sexes were found in the haemorrhoidal and mesenteric 
veins, similar maceration of portions of the bowel from these animals failed to 
reveal the presence of ova. ‘The number of animals thus examined was small, 
but the findings suggest the possibility that the persistent absence of ova from 
the faeces of guinea-pigs infected with adult worms of both sexes was due to 
the failure of the worms to oviposit in the bowel wall, rather than to any failure 
of the eggs to penetrate through the tissues. 

The question as to whether only one sex of trematodes may result from 
previous exposure to infection with cercariae is of more than academic interest, 
since, as Fairley (1924) and Girges (1929) point out, the presence of male worms 
alone may lead to serious pathological lesions, and the cause of such lesions, 
owing to the absence of ova from the excretions, may remain undetected. 

It has been suggested that individual miracidia may only develop to produce 
cercariae of one sex, and that therefore a snail previously infected with only a 
single miracidium will produce cercariae which, after they have penetrated a 
susceptible animal, will only develop into a unisexual infection. If this hypothesis 
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were correct, it appears to us remarkable that a unisexual infection with females 
has not, so far as we are aware, been recorded. Faust (1927) suggests another 
explanation, namely, that under adverse conditions only the male parthenitae 
develop into the infective form in the snail ; he considers this explanation likely 
because he found that snails sent to him after collection during a prolonged dry 
season yielded cercariae which, when allowed to penetrate mice, rabbits and two 
dogs, resulted in every instance in a unisexual infection with males. ‘This 
explanation appears to us to be unlikely since in our experiments, although 
infection of some guinea-pigs only resulted in male schistosomes, other guinea- 
pigs infected from the same batch of snails at the same time of the year resulted 
in infections with both sexes, although the males always outnumbered the 
females. What appears to us more likely is the theory advanced by Fairley 
et al. (1930) that certain animals, guinea-pigs, dogs, rabbits, etc., are not pro- 
pitious hosts for these species of trematodes, and that ‘some peculiar host 
reaction to the less robust female schistosome probably underlies this pheno- 
menon.’ 


IV. THE RESULTS OF ATTEMPTS TO INFECT CERTAIN 
SPECIES OF BRED SNAILS WITH S. MANSONI 


The laboratory-bred snails required for the infection experiments were 
obtained from the outdoor breeding tubs, and the requisite number was placed 
in a small glass jar containing about 350 c.cm. of water. ‘The miracidia of 
S. mansoni were obtained from faeces by the method described by Archibald and 
Marshall (19324) and others. ‘Three strains of miracidia were employed: (1) 
from human cases in whose faeces lateral spined eggs were present; (2) from 
monkeys infected with S. mansoni as a result of exposure to cercariae obtained 
from bred snails previously infected in the laboratory from human cases ; 
(3) from monkeys infected with S. mansoni as a result of exposure to cercariae 
from snails found naturally infected at Kabala. As in the remarks regarding the 
morphology, etc., of these strains, it may be stated here that no differences were 
noted as a result of using these different strains, and that the snail vectors proved 
equally susceptible to each of them. ‘The number of miracidia in the concen- 
trated emulsion was estimated by sampling, and the required number pipetted 
into the infection jar, the doses varying from 6 to 47 per snail. Snails were 
usually exposed to the attacks of the miracidia for a total period of 24 hours, 
the water being constantly aerated for the last 20 hours, as it was found that 
snails subsequently died if they had previously been exposed for too long in 
non-aerated water. At the end of 24 hours the snails were recovered from the 
infection jar, counted and the survivors transferred to one of the aerated aquaria 
kept constantly at the required temperature. ‘The construction of these aquaria 
is described in the Appendix ; it is sufficient to say here that we had at our 
disposal six sets of aquaria, each maintained constantly at a different temperature. 
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In one series of experiments the aquarium was kept at 14° C. to 17° C., in a 
second at 20° C. to 22° C., in a third at 26° C. to 28° C., in a fourth at 31° C. 
to 33° C. and in a fifth at 35° C. to 36° C. Ina sixth series, kept at 37° C., it 
was found that P. pfeifferi, whether infected or uninfected, did not long survive 
this temperature. 

At daily or longer intervals snails were removed from these aquaria and 
dissected in order to observe the progress of the infection. When mature 
cercariae were noted for the first time in a dissection, the entire aquarium was 
cleared and the survivors counted. ‘The individual snails were washed in 
running water and each snail was placed in a separate test-tube. These tubes 
were then daily examined over a period of 8 days and a record was kept of the 
date on which each snail discharged cercariae for the first time. When this had 
occurred the snail was transferred to an aquarium to observe the period of dis- 
charge or to furnish material for investigation. All snails surviving without 
discharging cercariae during the 8 days’ observation period, or dying during the 
course of the experiment, were dissected. ‘The exact technique and apparatus 
employed to keep the snails alive at various temperatures are described in the 
Appendix. 

We have already stated that the snails collected comprised only seven 
species, amongst which only two species, P. pfeifferi and P. globosa, were found 
to contain cercariae of the human type, although a high proportion of all the 
species examined were shown to be infected with animal type cercariae. For 
this reason we confined our infection experiments to P. globosa, L. elmeteitensis 
and P. pfeifferi. We included L. elmeteitensis in our experiments because, 
although we never found it naturally infected, nor did Vogel (1932) find any 
infected specimens in Liberia and French Guinea, yet the allied species L. nata- 
lensis has been recorded as an occasional carrier in South Africa. 

(1) The results of attempts to infect P. globosa with S. mansoni. In Part II 
the importance of P. globosa in the transmission of S. haematobium will be dealt 
with, and it will be shown that in no single instance did the human type cercariae 
derived from wild snails cause any infection other than S. haematobium to 
develop in animals. For the following reasons, however, we considered it 
advisable to produce further proof that P. globosa plays no part in the transmission 
of S. mansoni in Sierra Leone. (A) Porter (1920a) stated that she found the 
cercariae of S. mansoni in 3 naturally infected specimens of Physopsis africana, 
and also that a white rat exposed to similar cercariae died after nearly 3 months, 
at which time a few sexually immature S. mansoni were obtained from the portal 
and anterior mesenteric veins. (B) Faust (1920 and 1921) states that he has 
found S. mansoni cercariae in specimens of P. africana sent from Natal by 
Dr. Cawston, a statement reaffirmed by him in later papers. Porter (19206), 
commenting on her observation being ‘ confirmed’ by Faust, wrote that since 
the publication of her earlier paper she had examined a further 1,050 P. africana 
and had found two of them infected with the cercariae of S. mansont. 








<n oeenr emneaneere 














2 sem omTENRET 


345 


Dr. Porter’s pioneer investigations with P. africana as a vector of S. haema- 
tobium have been fully confirmed by Blacklock (1924) and ourselves in the case 
of P. globosa, a closely allied species. | Her observations and those of Dr. Faust, 
however, on P. africana as a vector of S. mansoni would appear to rest 
on a very insecure basis. 

Dr. Porter argues that Physopsis africana is a vector of S. mansoni for two 
reasons: (1) the finding of cercariae in wild Pfysopsis, which in her opinion 
were those of S. mansoni, because they differed from her previously recorded 
S. haematobium cercariae in certain morphological details ; (2) the finding of 
‘a few sexually immature S. mansoni’ in a single animal previously exposed to 
infection with the type of cercariae just referred to. Both arguments seem to 
us to be invalidated by the fact that sexually mature worms were never recovered, 
since there would appear to be no way of identifying with certainty such worms 
as S. mansoni until their genital system is fully developed. 

Faust’s dictum that S. mansoni cercariae occur in Physopsis appears to rest 
entirely on his ability to distinguish the cercariae of S. mansoni from those of 
S. haematobium, an ability depending on certain morphological criteria con- 
cerning which other writers hold very different views. ‘This question of differen- 
tiation between these cercariae will be fully discussed in a later section, but we 
refer to the matter here because the statement that Physopsis is a vector of 
S. mansoni appears to have gained credence and has appeared in some text-books, 
notably Bayliss (1929) and Blacklock and Southwell (1931). 

It is true that P. globosa does exert some attraction for the miracidia of 
SS. mansoni, but to nothing like the same extent as P. pfeifferi. ‘Thus, if both 
species of snail are exposed simultaneously to a concentration of these miracidia it 
will be observed that, whereas at first the miracidia are concentrated around 
both snails, yet the concentration around P. globosa only lasts a short time, and 
presently the great majority may be seen to be attacking only the P. pfetffert. 

In our experiments regarding the infectability of P. globosa with S. mansoni 
only bred snails were used, these being exposed to infection at various tempera- 
tures. Experiment 1. Sixty-four P. globosa, along with an equal number of 
P. pfeifferi, were exposed on different occasions to the miracidia of S. mansoni, 
an average number of 50 miracidia per snail being used. After exposure, the 
infected snails were kept in an aerated aquarium at an average temperature of 
27° C. ‘The aquarium was cleared 57 days later, at which time it was found that 
none of the P. pfeifferi had survived ; the cause of death was almost certainly 
due to hyperinfection, since control uninfected P. pfeifferi survived under 
precisely similar conditions. Of the original 64 P. globosa exposed to the infec- 
tion, 40 were still alive and were put up for cercarial shedding. No discharge 
having taken place over a period of 10 days, the snails were dissected and were 
all found to be free from infection. Experiment 2. Fifty-eight P. globosa were 
exposed on a single occasion to the miracidia of S. mansoni, an average number 
of 12-5 miracidia per snail being used; at the same time 20 P. pfeifferi were 
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exposed to a similar concentration of miracidia from the same source, but in a 
different vessel. At the end of 14 days adult cercariae were observed in one of 
the dissected P. pfeifferi. ‘The aquarium was then cleared and 15 P. pfeiffert 
were found alive. Of these, 11 shed cercariae during the course of the next 
8 days and one of those not shedding cercariae was found to be infected, giving 
an infection rate of 80 per cent. amongst the snails which survived. Amongst 
the 58 P. globosa similarly exposed to infection with S. mansoni cercariae, and 
subsequently maintained at 33° C., 8 survived to the 53rd day and were found to 
be negative on dissection; 7 other snails dissected at various intermediate 
periods being also negative. 

It will be seen from the above experiments that we have failed to find any 
evidence that P. globosa can act as a transmitter of S. mansoni in Sierra Leone. 

(2) The resuits of attempts to infect L. elmeteitensis with S. mansoni. 'Thirty- 
eight bred specimens of this snail were exposed to infection by the miracidia of 
S. mansoni obtained from a human case. ‘The experiment was performed in a 
laboratory up-country, so that artificially heated aquaria were not available ;_ the 
water temperature during the experiment varied around 27°C. ‘The snails 
were examined from 20 to 40 days after the first exposure to infection, and 
amongst 27 examined, by dissection or cercarial discharge, all were found to be 
free of infection. 

(3) The results of attempts to infect P. pfeifferi with S. mansoni. During the 
course of 25 experiments, a total of 810 laboratory-bred P. pfeifferi were exposed 
to infection with the miracidia of S. mansont. ‘These 25 experiments differed 
from each other in the concentration of miracidia used, and the temperature at 
which the snails were subsequently kept. The influence of these factors will be 
discussed later, but, since variations must also occur in nature, it is legitimate 
to group together the results obtained from all the experiments ; this has been 
done in ‘Table III. 


TaBLeE III 
Showing the results of exposing 810 laboratory-bred P. pfeifferi to the miracidia of S. mansom 
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The above figures prove that P. pfeifferi is susceptible to infection with the 
miracidia of S. mansoni under laboratory conditions, and that under these con- 
ditions a high proportion (86 per cent.) of those which survive the incubation 
period allow complete development and discharge of cercariae—which cercariae 
animal experiments have already shown to be infective. 

It will be noted that a very high proportion (44 per cent.) of the snails died 
during the course of the experiments. ‘This high death-rate was in some way 
associated with their infection and was not apparently due to the artificial 
environment in which they were placed, since snails not previously exposed to 
infection showed a low death-rate under these conditions. In our experiments 
it was observed that certain conditions tended to raise still further the death- 
rate amongst infected snails, and we have been able to show three factors which 
can elevate the mortality : (1) hyperinfection as a result of exposing snails to a 
large number of miracidia, as is shown by the following figures : of 526 P. pfeifferi 
exposed to an average concentration of 10 miracidia per snail, 155 (29-5 per cent.) 
died during the incubation period, whereas, of 127 P. pfeifferi exposed to an 
average concentration of 23 miracidia per snail, 68 (53-5 per cent.) died during 
the incubation period ; (2) the employment of very young snails in some of 
the earlier experiments (when it was found that their use resulted in an abnor- 
mally high death rate, only well-grown specimens were selected for infection) ; 
(3) the exposure of infected P. pfeifferi to temperatures above 33°C. The 
majority of our experiments were conducted at temperatures between 22° C. 
and 33° C., but the few experiments carried out at higher temperatures resulted 
in an increased death rate which is reflected in the figure for the deaths in the 
combined experiments shown in the Table. As a result of the information 
gained from a series of experiments in which variations were made in the mira- 
cidial concentration and the temperature, we are able to state that the majority 
of infected snails remained alive under artificial conditions so long as the 
miracidial concentration used for their infection had not exceeded 10 per snail, 
and the average temperature to which they were subsequently exposed did not 
exceed 33° C. Our field observations in the S. mansoni endemic area in Sierra 
Leone have shown that the water temperatures seldom if ever exceed 33° C., 
and that it is unlikely that the snails in the streams are ever exposed to a miracidial 
concentration as high as 6 per snail. Under these circumstances, then, it appears 
probable that in natural conditions the majority of snails infected with S. mansoni 
survive long enough to discharge cercariae. 

It will be observed from Table III that 75 per cent. of the snails dissected 
during the incubation period were found infected, and that 86 per cent. eventually 
discharged cercariae. It is probable that neither of these figures represents the 
true proportion of the snails which, if they had lived, would have eventually 
discharged cercariae, for we have shown that there is a tendency for infected 
snails, under certain circumstances, to survive for a shorter period than unin- 
fected snails. ‘Thus, during the course of the period of observation there is a 
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tendency for uninfected snails to form an increasingly large proportion of the 
survivors. ‘The discrepancy between the proportion found infected by dissection 
(75 per cent.) and those found positive by cercarial discharge (86 per cent.) is 
due to the fact that a certain proportion of the dissections was carried out during 
the early stages of development when evidence of infection is liable to be missed. 


V. THE ECOLOGY OF P. PFEIFFERI 


P. pfeifferi is probably widely distributed throughout equatorial and southern 
Africa. It has been recorded, in connection with schistosomiasis, from French 
Guinea by Vogel (1932); from Sierra Leone by Peaston (1933); from 
Nigeria by ‘Taylor (1932); from the Cape Province and Natal by Cawston 
(1923) ; from Southern Rhodesia by Blackie (1932); from Natal by Porter 
(19205) and by Cawston (1923); from Madagascar, Harlé (1928) records 
P. madagascariensis akin to P. pfeiffert, while Cawston (1922a) records the 
presence of P. pfeifferi from Portuguese East Africa. ‘The Planorbis recorded 
by Dye (1924) from Nyasaland, which he describes as allied to P. sudanicus 
Martens, is also akin to P. pfetffert. 

In Sierra Leone this species seems only to occur in isolated areas, and its 
presence was not recognized until the recent record by one of us (Peaston, 1933). 
We are in agreement with Blacklock (1924 and 1930) regarding the general 
rarity of snails of the genus Planorbis in Sierra Leone, and our own investiga- 
tions, though limited in extent, have failed to reveal its presence except in the 
areas described around Kabala. 

P. pfeifferi was only found by us in three streams in the Koinadugu District : 
(1) The Mase at Kabala: this is a small stream which flows through an open 
flat plain between the hills ; the banks of the stream are well defined, and low 
vegetation allows the sunshine free access to the water ; the rate of flow in the 
stream may be described as moderately brisk. (2) A stream at Sonkonia, of 
very small size except at one point where it widened into a pool some 12 feet 
wide and 4 feet deep ; it was in this pool, where the rate of flow of the water 
was very slow, that P. pfeifferi were found in abundance. ‘This stream, like the 
Mase at Kabala, was fully exposed to sunshine throughout the day, for high 
elephant-grass, which cast little shadow, was the only vegetation which occurred 
on its banks, and the course of the stream was directly east and west. (3) Another 
stream at Sonkonia, of some 9 or 10 feet in width and 10 to 18 inches in depth. 
Here also the flow was very sluggish, but the surrounding vegetation, shrubs 
and low trees, was thick, so that the stream was for a large part in their shade, 
and it was in one shaded pool, used by the natives for drawing drinking-water 
and for bathing, that P. pfezfferi was found. On the whole, then, P. pfeifferi 
tends in this district to occur in water fully exposed to the sunshine, as has been 
noted also by Vogel (1932). ‘The bathing pools examined by us in which 
P. pfeifferi occurred were always shallow, seldom exceeding two feet in depth. 
In such situations, P. pfeifferi were found resting on vegetation, etc., at all 
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depths, but showed a preference for living and feeding at the bottom, so that 
when found on plants they were most numerous on or close to the roots, though 
they were often found resting or feeding on leaves at all depths, and even out 
of the water. 

For the purpose of devising the most efficient methods of anti-molluscan 
measures, it was of importance to collect data regarding the local environment 
of the snails, and for this purpose a record was kept regarding each batch of snails 
collected at Kabala. Snails were found on every possible resting place in the 
water, such as rocks, sand, mud, all forms of living and dead vegetation, sub- 
merged trunks of trees, etc., and on one occasion about 20 P. pfeifferi were 
observed apparently feeding on a decaying cow’s horn which had been thrown into 
the water. Most of these situations, however, do not represent the normal 
habitat of the snails, and the vast majority were found in one of two situations, 
either resting on the stream bottom or on the leaves or roots of water-plants, 
about an equal number being collected from each of these sites. A representative 
collection was made of the plants on which the snails were found, and, the type 
collection having been sent to the British Museum, the plants on which they 
were mostly commonly recorded were found to be Eleocharis fistulosa (Poir) 
Link, Acroceras zizanioides (H. B. K.) Dandy, and Floscopa pauciflora C.B.C.L. 
Of these, A. zizanioides and EF. fistulosa represented the habitats of most of the 
P. pfeifferi collected on plants at Kabala and appeared to be the chief source of 
their fresh vegetable food. 

In both of the streams at Sonkonia water-plants were almost entirely absent 
from the bathing pools in which P. pfeifferi were found, and here they appeared 
to subsist on decaying leaves, etc. We never found them in rocky pools com- 
pletely devoid of vegetation ; and in this connection it is interesting to note 
that ‘T'aylor (1932) records that in Nigeria a bare rocky pool some 6 feet deep, 
entirely devoid of vegetation and containing rapidly flowing water, was found 
to be a source of infection with S. mansoni to certain Europeans who had bathed 
in it. Further investigation, however, showed that the infected P. pfeifferi did 
not occur in the pool but at a higher level, in small rock hollows containing 
abundant vegetation and connected to the main pool by small trickles of water. 

We have already made reference to the tendency for P. pfeifferi only to 
occur in numbers at certain points in the streams examined by us, which points 
were always those constantly visited by natives and consequently liable to 
pollution. It is our opinion that P. pfezfferi, like P. globosa, is a domestic species, 
in contradistinction to other species, such as L. elmeteitensis, which were not 
found to convey the human schistosomes, for equally careful records were kept 
of the latters’ sites of occurrence and no such human association was observed. 

The preponderance of P. pfeifferi in any one area is probably dependent to 
some extent on the food supply available, and the attraction of this species of 
snail to certain water-plants at Kabala, especially Acroceras zizanioides and 
Eleocharis fistulosa, suggested to us the possibility that the removal of these plants 
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from the stream might lead to the disappearance of the snails by cutting off 
their food supply and, as a result of allowing the water an unimpeded flow and 
therefore increasing the velocity, removing the mud—a method found very 
efficient by Blacklock (19255) when dealing with Physopsis. ‘The result of 
attempts, however, to eradicate the snails by this method was most disappointing, 
the snails merely becoming more widely distributed, without any reduction in 
their numbers (see plate VII, figs. 1 and 2). Their habitat was now sand and 
clay, which had been exposed when the mud was swept away, and 
their food supply was decaying leaves, etc., which were con- 
stantly falling into the stream or being carried down  from_ the 
higher reaches. Later, as has just been noted, we found P. pfeifferi living at 
Sonkonia under natural conditions similar to those which had been introduced 
as an anti-molluscan measure at Kabala. 

Under laboratory conditions they appeared to thrive so long as they were 
provided with a suitable green food, such as lettuce leaves, and a certain amount 
of mud. ‘The dissections of the stomachs of many hundreds of P. pfeifferi, 
captured under natural conditions and obtained from aquaria, has always 
revealed the presence of a small quantity of mud, and almost always of particles 
of grit, this being presumably used for grinding the food. Even when placed 
in test-tubes and deprived of all obvious food, a proportion of the snails survived 
for as long as three weeks, provided the water was changed daily. 

Under laboratory conditions, P. pfeiffert remained alive for a fortnight or 
longer in aquaria in which a uniform temperature was artificially maintained 
at 35°C. ‘The minimum temperature experimented with was 15° C., at which 
they remained alive for months. Aquaria kept at intermediate temperatures of 
respectively 19° C. to 21° C., 25° C. to 28° C., and 32° C. to 33° C., were also 
used, and it was found that optimum temperature, that is to say, the temperature 
associated with the lowest death rate, lay between 25° C. and 33° C. P. pfeifferi 
would appear to be very susceptible to raised temperatures, and it was found 
in several experiments that, whereas over 60 per cent. of uninfected snails 
survived for more than 15 days at 35° C., raising the water temperature to 37° C. 
always resulted in the death of the snails within a few days. ‘The thermal death 
point in the case of infected snails is still lower, and it was almost always found 
impossible to keep them alive for longer than a few days at 35° C. Thus, in a 
series of 3 experiments conducted at this temperature, only 2 snails out of a 
total of 100 used survived long enough to discharge cercariae. 

Since in Sierra Leone this species normally lives in rivers and streams, it 
appears unlikely that under natural conditions the water temperature in such 
situations would ever average the raised temperatures found injurious to the 
snails in the laboratory. Although we have no complete records, 53 water 
temperature readings were taken in certain P. pfeifferi breeding places at Kabala 
during the hottest months of the year, the thermometer being placed amongst 
the weeds on which the snails were living. ‘The readings were taken at 9 a.m. 
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and 2 p.m., the highest temperature recorded being 30-2° C. and the lowest 
18-8° C. At Sonkonia, the other district at which P. pfeffieri was found, at a 
similar period of the year the highest and lowest water temperatures recorded 
were respectively 30° C. and 21-5° C. We have no records of the water tempera- 
tures in other parts of Africa, and it is possible that in certain areas the distribu- 
tion of this species will be limited by its susceptibility to raised temperatures. 

P. pfeiffert only survived for a very short period when suddenly deprived of 
moisture. ‘Thus, when removed from the aquarium, dried with blotting paper 
and placed on previously desiccated mud, the majority died within 48 hours ; 
a single laboratory-infected snail survived a drying period of 66 hours and was 
observed again to discharge cercariae after being replaced in water. On the 
other hand, if gradually accustomed to deprivation of water they can survive a 
far longer period, as is shown by the following experiment. ‘Ten snails were 
exposed to a series of periods of drying, each period being followed by 4 hours 
immersion in water. ‘The first period of drying was for 20 hours, following 
which all the snails were found to be alive. ‘The second and third periods of 
20 hours were also survived by all the snails. ‘The fourth, fifth and sixth periods, 
each consisting of 44 hours’ drying, were survived respectively by 8, 7 and 6 
snails. ‘The drying periods were now lengthened to 68 hours, and two such 
periods, the seventh and eighth, were respectively survived by 5 and 4 snails. 
Finally, these four snails were exposed to two periods of 92 hours’ drying, and 
after the last drying period all four were found to be still alive. The above experi- 
ments appear to prove that P. pfeifferi can only survive long periods of complete 
drying (92 hours in our experiments, but quite possibly much longer) if they 
have learnt to adapt themselves to the changed environment by previous gradually 
increasing periods of deprivation of water. 

P. pfetfferi can resist partial deprivation of water for long periods, as was 
shown by a number of experiments, of which the following is an example. 
Fifty P. pfeiffert were placed on wet mud, and the vessels containing them were 
shielded from direct sunlight, the water being allowed to evaporate gradually. 
At the end of 10 days, 35 of the 50 snails were found to be alive. After 4} hours 
in the water the experiment was repeated with the same snails, and after a further 
10 days 32 were found to be still alive. After 5 hours in water the snails were 
again transferred to damp mud, and not again tested until a further 19 days had 
lapsed, at the end of which time all the 32 snails were found to be still alive. 
Similar experiments with laboratory-infected P. pfeifferi showed that they could 
survive 14 days under similar conditions, and that at the end of this period live 
cercariae were still present in the liver. Cawston (1929), working at Durban in 
the winter months, states that when buried in garden soil P. pfezfferi ‘will live 
for at least thirty days at a depth of twelve inches, and probably has little difficulty 
in surviving through the winter in the dried mud of pools.’ It should be noted 
that all our experiments as quoted above were carried out under shade conditions ; 
P. pfeiffert deprived of water and exposed to direct sunlight in this country dies 
within a few hours. 
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Under laboratory conditions spawning occurred at all seasons of the year 
and at all temperatures between 20° C. and 33° C. At 35° C. and 37° C. spawning 
was never observed, and only rarely at 33°C. Spawn was more regularly 
deposited in the 26° C. to 28° C. aquarium than in any of the others, but it was 
observed that, if snails were transferred from one of the higher temperature 
aquaria to that maintained artificially at 20° C., a large proportion of the snails 
immediately laid their eggs. We are in agreement with Vogel (1932) that in 
nature breeding probably goes on throughout the year; in Sierra Leone there 
is, however, a marked increase in the proportion of very young snails at the 
beginning of the rainy season. Not only have we noted this ourselves during 
two seasons, but the native collectors informed us that this influx of young snails 
occurs regularly every year. ‘The laboratory experiment we have just described 
suggests that the lowering of the water temperature caused by the first rains 
stimulates the snails to production of eggs. 

In the laboratory it was found that P. pfeffieri would deposit its spawn on 
almost any suitable material in the aquarium. ‘The stem or growing leaves of 
water plants, pieces of twig, stones, or the glass sides of the aquarium were all 
used. The snails showed a definite tendency to avoid ovipositing on any sub- 
stance whose future existence was likely to be brief. ‘Thus, though they made 
use of growing leaves they seldom laid their spawn on any dead or rapidly 
decaying vegetation. In nature, chiefly owing to the difficulty of distinguishing 
the early stages of P. pfeifferi ova from those of some other fresh water molluscs, 
we have few records of the site chosen for egg-laying, but we have found the 
spawn attached to the stems and leaves of Acroceras, another site being shells of 
other snails. ‘This latter habit has been noted both under laboratory conditions 
and in nature. 

The development of the ova and the growth of the young snails to maturity 
were observed in aquaria at various temperatures, but the following description 
only applies to observations made at 26° C. to 28° C., since this temperature 
approximates most closely to natural conditions. Numerous slips of glass were 
suspended in the water of the aquarium and, when one of them was observed 
to have spawn deposited on it, it was removed each day from the aquarium, 
examined for progress of growth and then replaced for another 24 hours. Spawn 
was frequently deposited in test-tubes in which snails were confined, but this 
proved useless for prolonged study, since in our experience the ova usually 
perished in a few days unless placed in an aquarium where free oxygenation 
could be maintained. 

The spawn when freshly deposited appeared as a transparent, gelatinous, 
yellowish mass, more or less circular in outline but frequently assuming the 
shape of 2 scallop shell, measuring 5 to 10 mm. in diameter and averaging 
8 mm., and adhering by a thin gelatinous membrane extending round the 
periphery to a depth of about 80; the whole was slightly raised in the centre 
so as to give the appearance of an inverted watchglass. Within the protective 
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covering were the ova, varying in number from 6 to 28, each measuring about 
160 and visible to the naked eye as a minute brown dot. Each ovum was enclosed 
in a circular sac, seldom varying in size, and measuring some 880, to 900 in 
diameter, the sacs generally being closely applied to one another. 

The sac appeared to be merely a containing envelope which showed no 
changes during the growth of the young snail. ‘That the ova were lying free in 
the fluid in these sacs was shown by the fact that on reversing the spawn the 
ovum could be seen sinking slowly towards the lowest pole of the sac. Even in 
the freshly deposited spawn, on microscopical examination the ovum showed 
some degree of differentiation, since lighter brown or clear areas could be seen 
in its substance. Within 48 hours the ova had increased considerably in size, 
now measuring up to 265,, while their appearance had changed to a mulberry- 
like form and their colour had lightened. At this stage it was possible to dis- 
tinguish non-viable ova by their failure to increase in size and by the appearance 
of degenerative changes. On the third day the embryo measured some 4004 
and could be seen moving continually round the circumference of the sac ; it 
had by now differentiated into a well-defined globular mass of cells with a clear 
amoeboid plaque-like base. No further change in appearance could be noted 
on the fourth day, except an increase in growth to some 460u. By the sixth 
day the developing snails, which by this time were very active within their sacs, 
had assumed very much the appearance of miniature adults, in that they possessed 
a body, foot, tentacles, eyes and a shell which in certain positions was seen to 
consist of a single whorl, measuring some 630, to 1,000, in its longest diameter. 
On the ninth day the snails, which by now almost completely filled their sacs, 
passed through minute openings in the envelope, the body breaking through 
first and the shell being dragged through the tiny aperture with great effort ; 
the snails were still retained beneath the gelatinous membrane securing the 
spawn. Under this they crawled about for some time until it ruptured, when 
they emerged through the opening and escaped into the surrounding water. 
At temperatures of 26° C. to 28° C., the time occupied from deposition of spawn 
to the hatching of the free living snail was found to be usually 9 to 10 days. 

The subsequent development appeared to be relatively slow as observed in 
the laboratory ; by the end of the first week of their free living existence the 
snails measured approximately 2 mm. in the greatest diameter of the shell, and 
thereafter growth occurred at the rate of about 0-5 mm. each week until the sixth 
week, when the rate of increase in size became less marked. ‘The snails were 
observed in the indoor aquaria for 8 weeks after hatching, at which time their 
size was about 4:5 mm. Further observations carried out in the outdoor breeding 
tubs showed that they attained the size of 11-5 mm. within 43 months of hatching. 
Since the largest examples encountered by us under natural conditions never 
measured more than 13 mm., it is probable that P. pfetffcri attains its full size 
within 6 months of the time that the spawn is deposited. ‘The snails certainly 
reach sexual maturity at an earlier date, for we have observed spawn deposited 
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by specimens which, judged by the measurements already given, were about 
3 months old. 

P. pfeifferi is susceptible to infection with the miracidia of S. mansoni at 
all ages, but the miracidia shows a marked preference for half-grown forms and 
concentrate their attacks on these, as opposed to very small and very large snails. 
A high mortality occurs amongst young snails in which S. mansoni is developing, 
and in our experiments the youngest forms, which survived long enough to allow 
of the completion of the cycle and the discharge of cercariae, were approximately 
2 months old. 
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Fic. 1. Recently deposited spawn of P. pfeifferi. (Actual size of egg mass 9 by 7 mm.) 

Fic. 2. Ovum of P. pfeifferi, after two days’ incubation ; the egg sac is not shown in the 
drawing. (Actual size of ovum 250.) 

Fic. 3. Developing P. pfeifferi, still within its egg sac, after five days’ incubation. (Actual 
size of snail 500y.) 

Fic. 4. Newly hatched P. pfeifferi. (Actual size of shell about 1 mm.) 

Fic. 5. Adult P. pfetfferi. (Actual size of shell about 11 mm.) 
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PART II 


THE OCCURRENCE AND TRANSMISSION OF S. HAEMATOBIUM 
IN SIERRA LEONE 


Vesical schistosomiasis due to S. haematobium has been recognized as an 
endemic disease in Sierra Leone ever since adequate medical observations were 
made, although the earliest official record is that noted in the Annual Medical 
and Sanitary Report of the Colony for the year 1909. In spite of this, it was not 
until 1924 that Blacklock demarcated the chief endemic foci and showed that 
the disease was widely distributed in the central and northern provinces, although 
chiefly in their eastern portions, and seriously affected a large proportion of the 
population. Further observations collected since this date would appear to show 
that there is no endemic focus of the disease in the southern portions of the 
Colony. It is true that individual cases are recorded from every part of Sierra 
Leone, but, since the snail host is confined to certain areas in the central and 
northern provinces, it is probable that many of these records refer to cases which 
have emigrated from these endemic foci. 

Wherever S. haematobium occurs, the disease is recognized by the natives 
as an entity, and the symptoms are sharply differentiated by them from those of 
other diseases. ‘Thus, although the five chief tribes amongst whom vesical 
schistosomiasis is endemic speak different languages, in each case the native 
word used to define the condition signifies ‘red discharge,’ the term ‘ white 
discharge ’ being reserved for gonorrhoea. In contrast to this, and in support 
of our contention that S. mansoni is a disease of much more recent introduction, 
these tribes do not recognise rectal schistosomiasis as a clinical entity, having 
no specific name for it and classing it with other forms of dysentery. 

In order to study fully the transmission of S. haematobium, it was necessary 
for us to select an area where the disease was endemic and field observations 
could be carried out; for the sake of convenience we searched for such an 
endemic focus in the same area as that in which we had established our head- 
quarters for the S. mansoni investigation. Our first observations were carried 
out at Kabala, where an examination of the urines of 126 of the inhabitants 
showed the presence of S. haematobium ova in over 13 per cent., some of the 
infections occurring amongst very young children who, it was stated, had never 
left the village. In spite of this, a meticulous search of all the streams in and 
around the town, undertaken at all seasons of the year, failed to reveal the presence 
of any known vector of this disease. We cannot say whether S. haematobium is 
being locally transmitted in this area by some as yet undiscovered mollusc, or 
whether, as appears more likely, the patients have acquired their infection by 
visiting one of the neighbouring villages where the presence of snail vectors has 
since been demonstrated. Vogel (1932) also notes that in certain areas in Liberia 
and French Guinea S. haematobium occurs amongst the inhabitants, although 
no known snail vectors were found at these particular points. Since Kabala 
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PART II 


THE OCCURRENCE AND TRANSMISSION OF S. HAEMATOBIUM 
IN SIERRA LEONE 


Vesical schistosomiasis due to S. haematobium has been recognized as an 
endemic disease in Sierra Leone ever since adequate medical observations were 
made, although the earliest official record is that noted in the Annual Medical 
and Sanitary Report of the Colony for the year 1909. In spite of this, it was not 
until 1924 that Blacklock demarcated the chief endemic foci and showed that 
the disease was widely distributed in the central and northern provinces, although 
chiefly in their eastern portions, and seriously affected a large proportion of the 
population. Further observations collected since this date would appear to show 
that there is no endemic focus of the disease in the southern portions of the 
Colony. It is true that individual cases are recorded from every part of Sierra 
Leone, but, since the snail host is confined to certain areas in the central and 
northern provinces, it is probable that many of these records refer to cases which 
have emigrated from these endemic foci. 

Wherever S. haematobium occurs, the disease is recognized by the natives 
as an entity, and the symptoms are sharply differentiated by them from those of 
other diseases. ‘Thus, although the five chief tribes amongst whom vesical 
schistosomiasis is endemic speak different languages, in each case the native 
word used to define the condition signifies ‘ red discharge,’ the term ‘ white 
discharge ’ being reserved for gonorrhoea. In contrast to this, and in support 
of our contention that S. mansoni is a disease of much more recent introduction, 
these tribes do not recognise rectal schistosomiasis as a clinical entity, having 
no specific name for it and classing it with other forms of dysentery. 

In order to study fully the transmission of S. haematobium, it was necessary 
for us to select an area where the disease was endemic and field observations 
could be carried out; for the sake of convenience we searched for such an 
endemic focus in the same area as that in which we had established our head- 
quarters for the S. mansoni investigation. Our first observations were carried 
out at Kabala, where an examination of the urines of 126 of the inhabitants 
showed the presence of S. haematobium ova in over 13 per cent., some of the 
infections occurring amongst very young children who, it was stated, had never 
left the village. In spite of this, a meticulous search of all the streams in and 
around the town, undertaken at all seasons of the year, failed to reveal the presence 
of any known vector of this disease. We cannot say whether S. haematobium is 
being locally transmitted in this area by some as yet undiscovered mollusc, or 
whether, as appears more likely, the patients have acquired their infection by 
visiting one of the neighbouring villages where the presence of snail vectors has 
since been demonstrated. Vogel (1932) also notes that in certain areas in Liberia 
and French Guinea S. haematobium occurs amongst the inhabitants, although 
no known snail vectors were found at these particular points. Since Kabala 
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itself had failed to provide us with a satisfactory centre for our work, we extended 
our investigations to the neighbouring villages of Benekoro and Sonkonia ; 
here a large proportion of the inhabitants were found to be infected, and a search 
of the local streams revealed the presence of snails infected with human type 
cercariae. 

Since the distribution of the disease and the proportion of natives found 
infected in different areas in Sierra Leone had already been reported on by 
Blacklock (1924 and 1930), we confined our attention mainly to a study of the 
ecology of the snail vector, the proportion of snails found infected under natural 
conditions, and the transmission of the disease to animals. When this had been 
accomplished, snails were transported to Freetown, and strains of the vector, 
P. globosa, were bred under laboratory conditions for further study of its ecology 
and of the developmental cycle of S. haematobium in bred specimens. 


I THE RESULTS OF EXAMINING SNAILS IN THE FIELD 


(1) Species and numbers of fresh-water snails collected, and the proportion 
found infected with human and non-human types of cercariae. No snail vectors of 
S. haematobium were found at Kabala, and we have already (Part I) described 
the species and number of fresh-water molluscs collected at Benekoro and 
Sonkonia, together with the proportion of them found infected with human and 
animal type cercariae. In order, however, to facilitate reference, these results 
are grouped together in ‘Table IV. 

TABLE IV 
Showing the species and numbers of fresh-water molluscs collected at the villages of Benekoro 
and Sonkonia, together with the proportion found infected with human and animal type cercariae 
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It will be seen from ‘Table IV that at Benekoro and Sonkonia human type 
infection was found only in P. globosa and P. pfeiffert. 

Blacklock and ‘Thompson (1924a), working in another district in Sierra 
Leone, dissected 1,557 P. globosa and found 184 (12 per cent.) infected with 
human type cercariae, the snail infection rate in different villages varying from 
2 per cent. to as much as 42 per cent. In contrast to the high infection rate 
found amongst P. globosa in Sierra Leone, it is very interesting to note that Vogel 
(1932) failed to find any human type cercariae amongst the P. globosa dissected 
in various parts of Liberia and French Guinea, although S. haematobium was 
very common amongst the natives, 38 per cent. to 56 per cent. being found 
infected. 

(2) The distribution of P. globosa and the proportion found infected with 
human type cercariae at various sites. During the years 1933 and 1934 we made 
various expeditions to the villages of Benekoro and Sonkonia, and a total of some 
1,300 P. globosa were collected ; but, whereas the field work on the distribution 
of P. pfeifferi at Kabala was carried on almost continuously throughout two years, 
similar work on the distribution of P. globosa was limited to a series of short 
visits to Benekoro and Sonkonia, chiefly undertaken during the dry season. 

Benekoro is a small village of some 250 inhabitants, lying 8 miles east of 
Kabala. Here no P. pfeifferi was found, and P. globosa was not confined to the 
washing pools but was found widely distributed, although in some places only 
in small numbers, throughout the course of the water-supply. ‘This water- 
supply is a small stream which divides just outside the village to enclose about 
an acre of land, which is extensively canalized and during the wet season forms 
a swamp, in which rice and sweet potato are grown. Although P. globosa was 
distributed throughout the whole course of the stream and in the swamp just 
described, the greatest concentration of this species was found to be in the three 
washing places which are used by the natives of the village. In order to estimate 
the distribution of P. globosa and the incidence of infected snails at certain 
points, a special stay was made in the village with the following results. At the 
first washing place, used solely by women, of some 160 P. globosa collected, 11 
per cent. were found infected with human type cercariae. At the second washing 
place, used by both sexes, the dissection of 95 P. globosa gave an infection rate 
of 12 per cent. The third washing place was a small pool used only by men ; 
here only 31 P. globosa were collected, of which 1 showed human type infection. 
In distinction to this, a search of a large portion of the stream below the bathing 
places yielded a total of only 54 P. globosa,as compared with a total of 286 collected 
in a similar period of time in the washing places. ‘These snails collected below 
the bathing places showed a similar rate of infection (11 per cent.) as the snails 
collected in the bathing places above them. A search of the river up-stream from 
the bathing places also yielded fewer snails than were collected in the bathing 
pools, for only 8 P. globosa were collected after a prolonged search, and of these 
3 were found to be infected with human type cercariae. 
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The little village of Sonkonia, possessing some 260 inhabitants, lies some 
12 miles north of Benekoro. Here both P. pfeiffert and P. globosa occurred, and 
both species were found strictly localized to the bathing pools, never being found 
in the unused portions of the stream. ‘The first so-called washing place is really 
a drinking-water supply and is only occasionally used for bathing in. In this 
pool, 3 P. pfeifferi and 1 uninfected P. globosa were found. ‘The second bathing 
place is intended for men and is a small deep pool in a little stream which, after 
a short course, joins the main river. In this pool and in its immediate neighbour- 
hood a large number of P. pfeifferi and 73 P. globesa were collected, of which 
54 were dissected and the surprisingly high rate of 59 per cent. were found to 
be infected with human type cercariae. It proved impossible to collect snails 
above this bathing place, since the stream immediately became lost in a thickly 
overgrown swamp, but a search down-stream to a point where it joined the main 
river yielded no P. globosa, P. pfeifferi being also absent. ‘The third bathing place, 
reserved for women and children, is the most frequented stretch of the stream 
and is situated at the junction of the main river and of the stream on which is 
situated the men’s bathing pool just described. In this bathing pool not.a single 
P. globosa (or P. pfeifferi) was found. 

This distribution of the infected P. globosa at Benekoro and Sonkonia 
agrees, as regards the occurrence of snail vectors in the bathing pools, with the 
distribution of the P. pfeifferi found at Kabala and Sonkonia, and suggests that 
the various bathing pools in the Koranko country are the main foci where not 
only do human beings acquire infection with schistosomiasis, but where also 
the snail vectors are parasitized by miracidia from the human host. 


Il. THE TRANSMISSION OF S. HAEMATOBIUM TO EXPERIMENTAL 
ANIMALS FROM P. GLOBOSA 


We have already made reference to the work of Blacklock and ‘Thompson 
(1924a) as proving by animal transmission experiments that P. globosa is a vector 
of S. haematobium in Sierra Leone. Similar experiments were first of all carried 
out by us, and, having transmitted the disease from naturally infected snails to 
animals, we then proceeded to expose another series of animals to cercariae 
obtained from laboratory-bred snails infected from human cases of S. haema- 
tobium ; as in the case of the previous transmission experiments with S. mansonz, 
control samples of the cercariae used were retained and mounted to check any 
anomalous findings at the subsequent autopsies. 

In Table V are shown the results of these transmission experiments. 

‘he experiments summarized in Table V confirm Blacklock and ‘Thompson’s 
(1924a) statement that P. globosa is a natural vector of S. haematobium in Sierra 
Leone, for, although the schistosomes recovered from guinea-pig no. 6 were not 
sufficiently developed to allow of their identification, those obtained from 
monkey no. 9 were mature, and when stained and mounted were found to be 


adult S. haematobium. 
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TABLE V 


human cases of S. haematobium infection 


Showing the results of exposing white rats, guinea-pigs and monkeys to human type cercariae 
obtained from naturally infected P. globosa and from laboratory-bred P. globosa infected from 
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Days from 
Number Strain first Days from 
Animal Species of "Total of infection first 
num- of P. globosa cercariae cercariae to appear- infection Result of autopsy 
ber animal used applied used ance of to 
ova autopsy 
] White 
rat l 45 N.I1.* — 54 No trematodes found 
ve ve 1 900 N.I. aia D4 ” ” 
3 i ] 70 N.I —- 54 - “ 
r 4 Pa ] 3,000 N.I — 133 m ” 
5 Guinea- 
pig ] 4,600 N.I. et 54 ”» ” 
6 " 2 950 N.I = 135 2 immature male tre- 
matodes found 
7 e l 600 N.I — 150 No trematodes found 
8 m ] 200 H.S.F — 71 1 immature male tre- 
matode found 
9 Monkey 3 1,600 N.I. 101 329 3 males and | female 
S.haematobium 
found 
10 ¥ 2 1,000 He: — 78 150 immature and 
mature male and 
| female S. haema- 
r tobium found 
1] ms 12 3,500 HS. 149 — 











at Benekoro. 


* N.I. (natural infection) indicates human type cercariae discharged by P. globosa collected 


+ H.S. (human strain) indicates cercariae discharged by iaboratory-bred P. globosa parasitized 
by miracidia from a human case of S. haematohium infection. 
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As in the case of S. mansoni, a prolonged study was made at all stages of 
development of the two strains of S. haematobium established in the laboratory, 
and no difference could be detected at any stage between the strain derived from 
naturally infected snails and that obtained by the infection of laboratory-bred 
snails from human cases of S. haematobium infection. 

It will be seen from Table V that the resistance of certain species of laboratory 
animals to infection with S. haematobium is even more marked than in the case 
of their resistance to S. mansont. 

For a full discussion of our failure to infect white rats the reader is referred 
to the corresponding section in Part I. 

It has been recorded that in the case of guinea-pigs exposed to infection 
with S. mansoni cercariae 8 of the 11 animals so exposed became infected, and 
that at autopsy the majority of these were found to contain large numbers of 
schistosomes, both sexes of the worms being present in 4 of them. ‘Table V 
shows that guinea-pigs exposed to infection with S. haematobium cercariae proved 
much more resistant to this species of schistosome, for, although 2 of the 4 animals 
exposed to infection were subsequently found to contain worms, only a total of 
3 worms were recovered, all of which weremalesandimmature. These twoanimals 
were killed and examined 135 and 71 days, respectively, after exposure, at which 
time no lesions attributable to the presence of the trematodes could be detected. 

All three monkeys (Cercopithecus sp.) exposed to infection with the cercariae 
of S. haematobium permitted development of the parasite to adult form. ‘Their 
individual histories were as follows :— 

The first monkey (no. 9), which had received a dose of 1,600 cercariae from 
naturally infected P. globosa, remained in good health throughout a period 
of 10 months’ observation. Routine examination of its urine and faeces revealed 
the presence of terminal spined ova in the latter 101 days after exposure, the 
urine not containing ova until a further 19 days had elapsed. Since this animal 
was passing large numbers of ova, it was kept alive for a further 7 months to 
supply material for the study of the ‘ wild strain.” Eventually this monkey 
ceased to pass eggs, although blood and pus were still present in its urine, and 
was killed. At the autopsy only 3 male and 1 female S. haematobium, all adults, 
were recovered ; in view of its previous history, this animal must, therefore, 
have rid itself of a large number of schistosomes before it was killed. 

At the autopsy characteristic lesions of schistosome infection were found. 
Pseudo-tubercles were present on the peritoneal surface of the bladder, and on 
cutting through its base the tissus felt gritty to the knife, while on the mucous 
surface were several small papillomata exuding blood; the kidneys were con- 
gested and showed evidence of fatty degeneration. ‘The liver and spleen were 
markedly fibrotic, and pseudo-tubercles and small infarcts occurred in the lungs. 
Although portions of all the organs were macerated in 3 per cent. caustic soda 
and examined for the presence of ova, these were found only in the bladder, 
and then in scanty numbers. 
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The second monkey (no. 10) received a dose of some 1,000 cercariae 
obtained from laboratory-bred snails which had been infected from a human 
case of S. haematobium. It remained apparently unaffected, and ova were not 
noted in the faeces or urine during an observation period of 78 days, at the end 
of which time it was killed. On subsequent examination none of the usual signs 
of infection were noted in the organs, with the exception of the lungs, which 
showed numerous small haemorrhages ; nevertheless, from the mesenteric 
vessels some 150 immature and mature male and female schistosomes were 
collected, which on staining were found to be typical S. haematobium. Examina- 
tion of the female worms revealed only immature ova in their oviducts, and 
digests of the various organs of the monkey in 30 per cent. sodium hydrate 
yielded no eggs. Presumably eggs would have appeared in the excreta of this 
animal if the observation period had been sufficiently prolonged. 

The third monkey (no. 11) was exposed to 3,500 cercariae, similarly obtained 
from laboratory-bred snails which had been infected from a human case of 
vesical schistosomiasis. As in the case of the two previous monkeys, the animal 
developed no symptoms of infection during the observation period, and not 
until the 149th day were terminal spined ova found in the urine. ‘This monkey 
is still alive, apparently in good health, and ova, although constantly present in 
the urine, have never appeared in its faeces. 

In Part I we have recorded that the incubation period of S. mansoni in 
monkeys (Cercopithecus sp.) from the time of exposure to infection until the 
appearance of ova varied from 42 to 57 days, a figure in accordance with the 
observations of previous workers, such as Leiper (1918) Fairley (1920), Archibald 
and Marshall (19325) and Vogel (1932). It will be noted that, in contrast to 
this, two monkeys (also Cercopithecus sp.) infected with S. haematobium cercariae 
did not pass ova until after periods of 101 and 149 days, respectively. Fairley 
(1920) also noted that the incubation period of S. haematobium in monkeys was 
longer than that of S. mansoni, whereas Leiper (1918) records that in 4 monkeys 
infected with S. haematobium in Egypt the incubation period was as short as 
41 to 50 days. 


Il. THE RESULTS OF ATTEMPTS TO INFECT CERTAIN 
SPECIES OF BRED SNAILS WITH S. HAEMATOBIUM 


The three species of bred snails used in these infection experiments were 
P. pfeifferi, L. elmeteitensis and P. globosa, and as usual the snails required for 
the experiment were obtained from the outdoor breeding tubs and placed in 
small infection jars. ‘Two strains of miracidia were employed : (1) from human 
cases in whose urine S. haematobium ova were present; (2) from monkeys 
infected with S. haematobium as a result of exposure to cercariae from P. globosa 
found naturally infected at Benekoro. As in the case of S. mansoni, no differences 
were noted regarding the susceptibility of the snail vectors to the strain used. 
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Ova were obtained in the usual way by centrifuging the urine, and the miracidia 
in the deposit were hatched out by the addition of water. Heat and cold did not 
appear to influence the result, but it was found that the proportion of successful 
hatchings was increased by a preliminary very rapid centrifugal washing of the 
ova in water. In each experiment the number of miracidia was estimated, and 
concentrations varying from 700 to 500 per snail were used in different experi- 
ments. At the end of 24 hours’ exposure the snails were transferred to an 
aquarium kept at one of the following selected temperatures :—(a) 14° C. to 
16° C., (6) 20° C. to 22° C., (c) 26° C. to 28° C., (@) 31° C. to 33° C., (e) 35° C. 
to 36° C., (f) 37° C. 

(1) The results of attempts to infect P. pfeifferi with S. haematobium. In the 
tropics there appears to be no record of S. haematobium being transmitted by 
any of the genus Planorbis, but Franga (1921), investigating in Portugal indi- 
genous cases of bilharziasis due to S. haematobium, recorded that P. corneus 
L. var. metidjensis, when exposed to the miracidia of S. haematobium ‘ shows a 
very definite chemiotactic action’ on them and that, although all such snails 
died within a short period of being attacked, yet well-developed sporocysts were 
found in some of them at the time of death. Bettencourt and Borges (1922) 
confirmed Franga’s statement and produced apparently conclusive proof that 
this species of snail is a natural vector of S. haematobium in Portugal. ‘They 
infected white mice with cercariae from naturally infected snails, and after a 
suitable incubation period recovered adult male and female trematodes from 
them which conformed to the accepted description of S. haematobium, and 
which in the case of female worms contained terminal spined ova. Although 
they completely failed to infect this species in the laboratory with the miracidia 
obtained from human cases, yet they recovered human type cercariae from 
naturally infected P. metidjensis collected in the district. 

In our experiments, we observed the reaction of S. haematobium miracidia 
to P. pfeifferi by adding them to water containing half-grown specimens of this 
species together with P. globosa of a similar age to act as controls. P. globosa 
were within a short time attacked and penetrated by numerous miracidia, but 
although some of the miracidia appeared to attack the P. pfeiffert, and even, on 
occasions, partially to penetrate them, yet complete penetration was seldom if 
ever observed, and such miracidia as had attached themselves to the cuticle of 
the snail always appeared eventually to disengage themselves and swim away. 
Previous experiments, however, had convinced us that more miracidia penetrate 
their specific host than can be observed to do so, and it seemed possible that 
penetration had occurred without our being able to observe it. We therefore 
undertook the following experiments. Experiment 1. Fifty-seven P. pfezffert 
were exposed, along with 71 P. globosa, on different occasions to the miracidia 
of S. haematobium which averaged some 45 per snail. The snails which had 
been exposed to infection were subsequently kept in an aquarium at room 
temperature (26° C. to 28° C.).. The aquarium was cleared 50 days from the 
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first exposure of the snails to miracidial infection, at which time 23 of the 
P. globosa were found to have survived, and over 90 per cent. were found to be 
infected. Of the 57 P. pfeifferi, 15 had survived a similar period and none of 
these were found to be infected. ‘These 15 do not represent all the potential 
survivors, since a number were dissected and found negative during the course 
of the experiment. Experiment 2. In a similar manner, 73 P. pfeifferi were 
exposed, together with 9 P. globosa, to an average concentration of 100 S. haema- 
tobium miracidia per snail. In this experiment the snails, after exposure to the 
miracidia, were transferred to a warm aquarium and kept at an average tempera- 
ture of 31°C. After an incubation period of 39 days at this temperature, they 
were dissected : none was found to contain developmental forms. Of the 9 
control P. globosa, 2 survived and mature cercariae were found in both of them. 

The above experiments show that P. pfcifferi exerts little if any attraction 
for S. haematobium miracidia, and that if penetration did occur we failed to obtain 
evidence of its subsequent development at either 27° C. or 31° C. ‘These results 
are corroboratory of the findings in the transmission experiments recorded in 
Part I, in which only S. mansoni worms were recovered from animals previously 
exposed to cercariae from naturally infected P. pfeifferi collected at Kabala, 
where 13 per cent. of the population are suffering from vesical schistosomiasis, 
and the water must be contaminated continually by S. haematobium ova. 

In spite, therefore, of the occurrence of P. pfeifferi in certain districts where 
S. haematobium is common, the evidence just given strongly suggests that 
P. pfetfferi is only a vector of S. mansoni and plays no part in the transmission 
of S. haematobium in Sierra Leone. 

(2) The results of attempts to infect L. elmeteitensis with S. haematobium. 
Porter (1920a and b) states that L. natalensis, closely akin to L. elmeteitensis, 1s 
a vector of F. hepatica in South Africa, and also that she found S. haematobium 
cercariae in 4 out of 620 wild specimens of this snail. ‘The following observa- 
tions, though few in number, suggest that L. elmetcitensis is not a vector of 
S. haematobium in Sierra Leone. Of some 250 of this species dissected in 
districts where the population was infected with S. haematobium, none of these 
snails was found parasitized with human type cercariae, although 21 per cent. 
showed infection with animal type cercariae. We also succeeded in breeding 
this species, and, of 61 bred specimens exposed to infection with S. haematobium 
cercariae, none of the survivors was subsequently found to have become 
parasitized. 

(3) The results of attempts to infect P. globosa with S. haematobium. Cawston 
(1922a and b) has recorded successful infection of bred specimens of P. africana 
with S. haematobium, fully developed cercariae being discharged after a minimum 
period of 35 days from the date of their exposure to miracidia obtained from a 
human case. This is the only record, so far as we are aware, of successful 
infection of this genus using bred snails, but Ingram (1924) noted a very marked 
rise in the infection rate of wild P. globosa as a result of exposing them to mira- 
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cidia obtained from a human case of S. haematobium infection. Blacklock and 
Thompson (1924a), using wild P. globosa obtained from an apparently non- 
infected area in Sierra Leone, found that these snails discharged cercariae 15 
days after their experimental exposure to S. haematobium miracidia. 'These 
writers, however, are careful to point out that the experiment was inconclusive 
owing to their use of wild snails. We are inclined to think that these snails must 
have been naturally infected at some time prior to the experiment, since under 
similar conditions using bred snails, the shortest period from infection to dis- 
charge (in our experiments) was found to be more than one month. 

In our series of 12 experiments, a total of 262 bred P. globosa were exposed 
to infection with the miracidia of S. haematobium obtained either from human 
cases of the disease or from monkeys which had previously acquired the disease 
as a result of being exposed to cercariae discharged by wild snails collected at 
Benekoro. 

TABLE VI 


Showing the results of exposing 262 laboratory-bred P. globosa to the miracidia of S. haematobium 





























Number Total 
Total dying Total Number dissected Number tested positive 
P. globosa| during examined 48 for cercarial dis- | by 
| exposed course for charge 114 | dissection 
to of experi- infection -— —} and 
infection | ments Positive Negative | Positive Negative discharge 
Total 262 72 162 23 25 95 = 19 | 118 
Percentage —- 27:5 —— 47-9 52+] 83:3 16-7 72:8 











We have already confirmed the animal transmission experiments of Black- 
lock and Thompson (1924a) which proved that P. globosa was a natural vector 
of S. haematobium in the Colony. ‘Table VI further proves that P. globosa under 
laboratory conditions is very susceptible to infection, no less than 83 per cent. 
of those which survived the full incubation period discharging cercariae. 

In the light of these results we can suggest no satisfactory explanation of 
the complete failure of Dye (1924), Vogel (1932) and Archibald and Marshall 
(1932a) to infect P. globosa with S. haematobium. If both sets of observers are 
correct (i.e., those who have found P. globosa to be a vector of S. haematobium 
and those whose evidence fails to incriminate it), then it would appear that in 
certain instances a species known to be a transmitter in one district where the 
disease is endemic does not necessarily play the same réle in another endemic 
district. Not only so, but, what is far more remarkable, specimens collected in 
this latter district seem incapable of infection, under laboratory conditions, with 
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the very disease which they transmit naturally and experimentally in another 
part of the country. ‘hus, Vogel (1932), although he had successfully incrimin- 
ated P. pfeifferi as a vector of S. mansoni in a district in French Guinea, failed 
to trace the vector of S. haematobium, which disease was widespread in the same 
district. In spite of the fact that P. globosa occurred in this district, he found no 
specimens naturally infected, and his laboratory infection experiments were 
equally fruitless. Archibald and Marshall (1932a), working in Khartoum on 
the transmission of S. haematobium and using the following species of Physopsis, 
P. africana, P. globosa, P. didieri and P. eximia, which were obtained from dis- 
tricts in the Sudan where vesical bilhazia was not endemic, failed to infect any 
of them under laboratory conditions, and commented as follows :— Our experi- 
ments with the species of Physopsis above mentioned have been repeated over 
an extended period and have been consistently negative ; moreover, numerous 
dissections of them have failed to reveal the presence of bilharzial cercariae or 
their sporocysts.” Dye (1924) in Nyasaland found MW. nodocincta and P. globosa 
in a district where S. haematobium was rife. He states :—‘* Both P. globosa and 
M. nodocincta appeared to be attractive to the miracidia, but contrary to expecta- 
tions the latter appeared far and away more attractive. Later it was found 
impossible to infect successfully P. globosa, while M. nodocincta would show 
typical fork-tailed cercariae without eye spots or pharynx at the end of twenty- 
eight days.’ 

It would seem, then, that other factors besides the presence of the human 
host and an intermediate carrier, must play a part in the distribution and extent 
of human schistosomiasis. The only obvious difference between our infection 
experiments and those of these writers lies in the fact that we used bred snails 
whereas they did not, and further that we incubated our infected snails at 
various temperatures, while we do not know with certainty what temperatures 
they used in their experiments. 

It is interesting to note that little is known regarding the termination of 
infection in snails. We ourselves have observed recovery on the part of a snail 
infected with S. mansoni which, after some weeks of cercarial shedding, ceased 
to discharge, and on subsequent dissection no trace of the previous infection 
could be found ; Winfield (1932) records immunity to further infestation on 
the part of snails infected with the trematode parasite C. flabelliformis. An even 
more interesting observation bearing on this question is that of Dye (1924) 
who, when discussing his discovery of WM. nodocincta as a vector of S. haematobium 
in Nyasaland, states :—‘ It was proved that if they were naturally infected with 
this unknown cercaria [an unidentified single-tailed cercaria] it was impossible 
to reinfect them with Schistosoma [haematobium], although a very heavy mortality 
occurred whenever it was attempted. On the other hand, if not already infected, 
a successful result could be obtained .. .”. Such observations suggest the possi- 
bility of molluscs developing resistance to infection by miracidia as a result of 
previous parasitization, 
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We were at first inclined to think that, since in our experiments at the lower 
temperature (20° C.) adult cercariae do not appear until after a minimum period 
of some 9 weeks, the prolonged incubation period at low temperatures might 
explain the failures of some previous workers to observe evidence of infection 
in this species. Dye (1924) quotes no figure for the length of his observations, 
but would appear to have examined his specimens for 28 days or longer. Vogel 
(1932), however, conducted his observations over periods of 15 days to 7 weeks, 
and Archibald and Marshall’s (1932a) record of constant observations and 
dissections over a period of four months, suggest that some other factor, apart 
from the effect of temperature, must have been responsible for their lack of 
success. 

It will be noted that a lower proportion of P. g/obosa died during the course 
of the experiments than did P. pfeifferi in the S. mansoni series (27:5 per cent. 
as compared with 43-5 per cent.). This difference in the death rate amongst 
the two species was certainly not due to using fewer miracidia in the P. globesa 
series, for actually we used a higher average concentration per snail. Neither 
was it due to difference in the ages of the snails used in the two series, nor to 
using a lower and less injurious range of temperature than the latter series, 
since both factors were similar in the two sets of experiments. ‘I'wo causes, 
however, may be held at least partially responsible, these being the resistance 
of P. globosa to hyperinfection and to raised temperature, for amongst the experi- 
ments into which these factors entered the death rate amongst the P. globosa 
was considerably lower than amongst the P. pfeiffer7 under similar conditions. 

The above discussion of the fact that the death-rate amongst P. globosa 
previously exposed to infection with SS. haematobium miracidia was lower than 
that amongst P. pfcifferi similarly exposed to S. mansoni, would appear to show 
that P. globosa has a lower death-rate, not only because it is more tolerant of 
infection, but also because it is a hardier species than P. pfeifferi. It should, 
however, be noted that this difference in reaction to infection might also be 
explicable on the assumption that the developmental stages of S. mansoni are 
more toxic to, or destructive of, their intermediate host than S. haematobium. It 
is impossible, owing to our inability to infect with both species of parasite either 
of the two snail vectors under investigation, to make any comparison of the 
deleterious effects of S. mansoni and S. haematobium on their intermediate host. 

In nature, then, it would appear that P. globosa is even less affected by being 
parasitized than P. pfeiffert, and that only a very small proportion of them die 
as a result of such an infection before they have had time to discharge cercariae. 


IV. THE ECOLOGY OF P. GLOBOSA 


P. globosa Morelet has been recorded from all the British West African 
colonies except the Gambia. Further, it has been suggested that P. g/obosa is 
only a variety of P. africana which is widespread throughout Equatorial Africa, 
South Africa, Abyssinia and the Nile Valley. In Sierra Leone, the distribution 
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of P. globosa corresponds, so far as we are aware, exactly to the distribution 
already given for endemic vesical schistosomiasis, that is to say, the eastern 
portions of the central and northern provinces. 

Our observations in the Koranko country described in this paper, and also 
in the Konno country described by Blacklock, have convinced us that P. globosa 
is more adaptable than P. pfeiffer7, although only in one place, Sonkonia, were 
both species found together. Whereas in the Konno country, P. globosa would 
appear to be limited to slow running, weedy and shaded streams, and to be 
found only in places where mud formed the bed of the stream, in the Koranko 
country this species also showed a preference for slow running shady streams, 
but neither the presence of shade or mud appeared essential. ‘The one essential 
common to all localities appeared to be a relatively sluggish flow ; they were 
never found in even moderately rapid-flowing water such as is sometimes 
selected by P. pfeifferi. 

As regards the selected resting place in these streams, P. globosa differs 
markedly from P. pfciffert in that it is essentially a bottom feeder and is but 
rarely found on the stem or leaves of water-plants. ‘This point is well demon- 
strated by keeping both species together in breeding tubs ; under these circum- 
stances, a casual inspection of the tub will always give the impression that there 
are far more P. pfeifferi present than P. globosa. ‘That this is not the case is 
shown by trying to clear the tub of all the molluscs, when it will be noticed that, 
while all the P. pfeifferi can be speedily collected from their positions on the water 
plants and sides of the tub, it takes several days of searching to discover all the 
P. globosa, since these snails remain on or buried in the mud, which they only 
leave intermittently. Early in our work, we found that a convenient method of 
obtaining them was to make the collection shortly after sunrise, when large 
numbers of P. globosa will be found swimming foot-uppermost on the surface, 
but once the sun is up they sink to the bottom and P. pfezffert once more pre- 
dominates. ‘This habit of swimming comparatively rapidly on the surface is 
never so marked amongst P. pfeifferz, which, when they swim, are slow and 
awkward. P. globosa also moves much more rapidly on vegetation, etc., than 
P. pfeifferi, as can be observed by putting a number of both species at the bottom 
of an aquarium, when P. g/obosa will have distributed itself throughout the vessel 
long before P. pfeifferz. 

Owing to its absence from water-plants, we were never able to be certain 
upon what living green food P. globosa fed ; but in captivity it thrived on lettuce 
leaves and apparently any decaying vegetation. Dissection of stomachs of some 
one hundred specimens suggests that P. globosa is largely a mud feeder, for they 
were always found to contain mud particles far in excess of that found in 
P. pfeifferi. As in the case of P. pfeifferi, particles of grit or sand were always 
present. 

We have already mentioned that in the Konno country we were able to 
confirm Blacklock and ‘Thompson’s (1924a) contention that this species shows a 
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We were at first inclined to think that, since in our experiments at the lower 
temperature (20° C.) adult cercariae do not appear until after a minimum period 
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series, for actually we used a higher average concentration per snail. Neither 
was it due to difference in the ages of the snails used in the two series, nor to 
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The above discussion of the fact that the death-rate amongst P. globosa 
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more toxic to, or destructive of, their intermediate host than S. haematobium. It 
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of the two snail vectors under investigation, to make any comparison of the 
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parasitized than P. pfeiffer7, and that only a very small proportion of them die 
as a result of such an infection before they have had time to discharge cercariae. 


IV. THE ECOLOGY OF P. GLOBOSA 


P. globosa Morelet has been recorded from all the British West African 
colonies except the Gambia. Further, it has been suggested that P. globosa is 
only a variety of P. africana which is widespread throughout Equatorial Africa, 
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of P. globosa corresponds, so far as we are aware, exactly to the distribution 
already given for endemic vesical schistosomiasis, that is to say, the eastern 
portions of the central and northern provinces. 

Our observations in the Koranko country described in this paper, and also 
in the Konno country described by Blacklock, have convinced us that P. globosa 
is more adaptable than P. pfeiffer7, although only in one place, Sonkonia, were 
both species found together. Whereas in the Konno country, P. globosa would 
appear to be limited to slow running, weedy and shaded streams, and to be 
found only in places where mud formed the bed of the stream, in the Koranko 
country this species also showed a preference for slow running shady streams, 
but neither the presence of shade or mud appeared essential. ‘lhe one essential 
common to all localities appeared to be a relatively sluggish flow ; they were 
never found in even moderately rapid-flowing water such as is sometimes 
sclected by P. pfeiffert. 

As regards the selected resting place in these streams, P. globosa differs 
markedly from P. pfcifferi in that it is essentially a bottom feeder and is but 
rarely found on the stem or leaves of water-plants. ‘This point is well demon- 
strated by keeping both species together in breeding tubs ; under these circum- 
stances, a casual inspection of the tub will always give the impression that there 
are far more P. pfeifferi present than P. globosa. ‘That this is not the case is 
shown by trying to clear the tub of all the molluscs, when it will be noticed that, 
while all the P. pfezffer7 can be speedily collected from their positions on the water 
plants and sides of the tub, it takes several days of searching to discover all the 
P. globosa, since these snails remain on or buried in the mud, which they only 
leave intermittently. Early in our work, we found that a convenient method of 
obtaining them was to make the collection shortly after sunrise, when large 
numbers of P. globosa will be found swimming foot-uppermost on the surface, 
but once the sun is up they sink to the bottom and P. pfezfferi once more pre- 
dominates. ‘This habit of swimming comparatively rapidly on the surface is 
never so marked amongst P. pfeifferi, which, when they swim, are slow and 
awkward. P. globosa also moves much more rapidly on vegetation, etc., than 
P. pfeifferi, as can be observed by putting a number of both species at the bottom 
of an aquarium, when P. globosa will have distributed itself throughout the vessel 
long before P. pfeiffert. 

Owing to its absence from water-plants, we were never able to be certain 
upon what living green food P. globosa fed ; but in captivity it thrived on lettuce 
leaves and apparently any decaying vegetation. Dissection of stomachs of some 
one hundred specimens suggests that P. globosa is largely a mud feeder, for they 
were always found to contain mud particles far in excess of that found in 
P. pfeifferi. As in the case of P. pfeifferi, particles of grit or sand were always 
present. 

We have already mentioned that in the Konno country we were able to 
confirm Blacklock and Thompson’s (1924a) contention that this species shows a 
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marked preference for water contaminated with human excreta; but, in the 
area in the Koranko country described in the present paper, the difference in 
the habits of the natives renders this uncertain. On the other hand, in this 
district we have been able to show that P. globosa is more common in native 
bathing pools than elsewhere in the streams. 

Although the optimum temperature for P. globosa was found to be similar 
to that of P. pfeifferi, viz. 27° C. to 33° C., a series of observations showed that 
the former species is capable of surviving for prolonged periods at slightly higher 
temperature, and for short periods at a markedly higher temperature. ‘Thus, 
at a constant temperature of 35° C., 14 out of 20 infected P. globosa survived for 
more than 28 days, as contrasted with 2 infected P. pfeifferi out of 100 which 
survived 14 days at the same temperature. At 35° C., uninfected P. pfcfferi 
survived 17 days or longer (22 out of 33). At 37° C., infected P. globosa survived 
as long as 18 days, whereas both infected and uninfected P. pfeifferi at this tem- 
perature never survived more than 60 hours. Twenty P. pfeifferi and 20 
P. globosa, infected respectively with S. mansoni and S. haematobium, were 
exposed for some 2 hours to a temperature of 40° C. in an aquarium. All of 
the P. pfeifferi died as a result of this experiment, but 19 of the 20 P. globosa 
survived. At the other end of the temperature scale, it was found that infected 
P. globosa, like infected P. pfeifferi, could survive for months at temperatures 
which never rose above 15° C. 

Since in Sierra Leone our water temperature readings taken in the pools 
harbouring P. g/obosa never rose above 30° C. or fell below 20° C., it would appear 
that in view of the habitats of P. globosa it is highly unlikely that in Sierra Leone 
water temperature plays any important part in limiting the distribution of this 
species. 

The spawning habits of P. globosa and the development of the ovum were 
not found to differ markedly from P. pfeifferi7. Although P. globosa spends 
most of its time in the mud at the bottom of the stream, the spawn both in 
nature and in the aquarium was usually found deposited on the surface of 
leaves (frequently on the upper surface as well as the under surface), on the stems 
of water plants, and also—and this was particularly noticeable in nature—on the 
shells of other P. globosa. It was interesting to note that under laboratory 
conditions spawn was never deposited at temperatures over 33° C., and that, 
whereas transference to artificially cooled aquaria at a constant temperature of 
20° C. resulted in spawn being deposited, the same result did not follow trans- 
ference to aquaria maintained at 15° C., and in these spawning was never observed. 
In nature it is probable that spawn is deposited at all seasons of the year, but a 
marked increase in the number of young snails is noticeable at the commence- 
ment of the cool rainy season. The following observations were made on the 
development of spawn deposited in aquaria whose temperature remained at 
25° C. to 26° C. throughout the period of observation. 

In appearance the egg mass of P. globosa resembled that of P. pfeiffert 
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already described, but was somewhat more clongated and narrow, being oval 
rather than the more rounded shape of the P. pfeifferi egg mass; its length 
varied from 5 mm. to 8 mm. and its breadth was approximately 4mm. Blackie 
(1932) records that in Rhodesia an egg mass of P. globosa has a characteristic in- 
dentation; this, however, was not noticeable in our Sierra Leone specimens. ‘The 
whole egg mass contained some 4 to 21 sacs, the majority of which were pear- 
shaped or oval, as opposed to the rounded form of the P. pfeifferi sac, each sac 
measuring approximately 1,120 in its longest diameter. ‘The rounded form of 
the P. pfeifferi sac and the pear-shape of the P. globosa sac are almost constant 
characteristics, so that with the aid of a hand-lens the two species of spawn can be 
distinguished. ‘The contained ovum measured 125, and during the first 3 days 
after deposition followed the changes already described for P. pfeifferi. By the 
fourth day a considerable increase in size was noticeable, and spinning move- 
ments of the viable ova could be seen. By the fifth day the ovum measured 
some 400 and consisted of a globular mass of cells on a plaque-like base ; 
while on the sixth day crawling movements of the embryo could be watched, 
the base being no longer circular but irregular and capable of protrusion and 
retraction. Within the next 24 hours, 1.e., by the seventh day, the young snail 
showed differentiation of the various organs associated with the adult, eyes, 
tentacles, body and foot and a tiny diaphanous shell being visible. By the eighth 
day the young snail appeared in all respects to be a miniature adult, and on 
examination under a low power microscope the lips and radula could be seen 
moving ; at this stage it almost completely filled the sac. By the tenth day the 
adult form of the shell was attained and the characteristic type of its whorling 
could be made out distinctly, the largest diameter of the shell measuring about 
one millimetre. ‘he snail was now moving very actively, as though trying to 
escape from its sac, and on the tenth or eleventh day it made its escape and 
assumed the habits of the adult, the young snails finding their way from the glass 
of the aquaria on to the leaves of water-plants with surprising rapidity. ‘Their 
subsequent development was followed for a period of 8 weeks, and the rate of 
growth was found to be rather less than half a millimetre each week. By the 
seventh week after their escape the shell measured 7-5 mm. in its longest diameter, 
while the breadth averaged about 3-25 mm. P. globosa probably takes 10 months 
or a year to attain its full size, since the largest specimen obtained by us in the 
breeding tubs and estimated to be about a year old measured 21 mm. in length, 
and larger specimens were but rarely collected by us under natural conditions. 
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Fic. 5 
Fic. 1. Recently deposited spawn of P. globosa. (Actual size of egg mass 8 by 4 mm.) 

Fic. 2. Ovum P. globosa, after two days’ incubation; the egg sac is shown surrounding 
the ovum. (Actual size of ovum 250.) 

Fic. 3. Developing P. globosa, still within its egg sac, after six days’ incubation. (Actual 
size of snail about 600.) 

Fic. 4. Newly hatched P. globosa. 

Fic. 5. Adult P. globosa. (Actual size of shell about 18 mm.) 
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PART III 


THE MORPHOLOGY AND BIOLOGY OF ‘THE DEVELOPMENTAL 
STAGES OF S. MANSONI AND S. HAEMATOBIUM OUTSIDE 
THEIR FINAL HOST 


A close study of certain stages of the development of S. mansoni and 
S. haematobium has been made by many workers, but few accounts are to be 
found in the literature giving a detailed description of the whole cycle outside 
the final host. ‘Thus, Cort (1919) has published a full account of the eggs and 
miracidia of S. japonicum and S. mansoni, and numerous writers have recorded 
in detail their observations on the anatomy and biology of the cercariae of the 
three human schistosomes, while the intermediate stages have received but 
little attention, being generally dismissed with the statement that, following 
penetration by the miracidia, multiplication of sporocysts occurs in the digestive 
gland of the snail with the eventual production of cercariae. Further, the 
accounts given of the detailed anatomy of the two species of cercariae considered 
here are so much at variance that, when the opportunity of studying the complete 
cycle outside the human host was afforded by the maintenance in this laboratory 
of strains of S. mansoni and S. haematobium together with their vectors in Sierra 
Leone, we decided to make a careful study of the developmental stages of the 
parasites and of their infective forms. ‘The strains used were those already 
described in Parts I and II and, though the majority of our observations were 
made on infections in snails exposed to miracidia obtained from human cases of 
infection with one or other of these two schistosome parasites, in addition we 
carried out similar investigations on the strains established by exposing monkeys 
to human type cercariae, which had been obtained from P. pfeifferi and P. globosa 
found naturally infected in endemic foci of rectal and vesical schistosomiasis 
respectively. As already stated, a comparison of the strains derived from these 
latter sources and from human cases of infection did not reveal any differences 
in either species, so that for the purpose of this paper they may be considered 
identical. Before commencing the description of the extra-mammalian develop- 
ment of S. mansoni and S. haematobium, it should be noted that all observations 
regarding the various stages apply equally to both species unless otherwise 
stated. 


I. THE MORPHOLOGY AND BIOLOGY OF THE OVA AND 
MIRACIDIA OF S. MANSONI AND S. HAEMATOBIUM 


The ova of both these species are oval or spindle-shaped and yellowish- 
brown in colour, but, while those of S. mansoni sometimes show a slight S-like 
curve and have a well-marked laterally situated spine with a stout base and a 
sharp point, those of S. haematobium have a terminally situated spine rather 
more delicate and relatively bluntly pointed. Both species of eggs as observed 
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in Sierra Leone corresponded in detail to the descriptions given of these species 
in other countries. Measurements of 100 specimens of each species gave the 
following dimensions : S. mansoni, average length 159 (varying from 182, to 
137), average breadth 68 (varying from 73p to 64u), the spine being about 
20 long; S. haematobium, average length 143, (varying from 159 to 125,), 
average breadth 60, (varying from 73 to 52y). ‘These measurements fall 
within the range given by various observers for the ova of these species in other 
countries. 

The shell is thin and permits inspection of the contents. Lining its inner 
surface is a delicate membrane, distinctly visible as a general rule at the poles 
of the egg where it is not in close contact with the shell. Within this membrane 
lies the embryo, somewhat smaller than the shell, the free space being filled with 
a finely granular fluid containing larger refractile globules. ‘The embryo or 
miracidium is approximately oval in shape, the widest portion being at the 
junction of the anterior quarter with the rest of the body. ‘This anterior portion 
is cone-shaped and terminates in a small undercut papilla, which is bare of the 
cilia thickly investing the rest of the body. On cross-section the miracidium is 
round, but the internal organs show a certain degree of bilateral symmetry, so 
that it may be regarded as having two surfaces, which have been designated by 
Cort (1919), according to the relative positions of the viscera referred to, as the 
neural and glandular surfaces. Viewed through the neural surface the nervous 
system appears as a rather irregular granular mass superficial to the other organs 
and situated in the more anterior of the middle quarters of the body ; no nerve 
fibres could be seen connected with it. Anterior to this and on a slightly deeper 
plane is the rudimentary digestive sac, a stout thin-walled tube filled with a 
finely granular material, commencing at the papilla and ending blindly at the 
junction of the anterior and middle thirds of the body. On a still deeper plane 
lie a pair of rounded cells, one on each side, more refractile than the structures 
just referred to, and each possessing a vesicular nucleus. ‘These are the cephalic 
glands, and their ducts run anteriorly, skirting the sides of the body as far as 
the papilla, where abruptly they turn laterally and open on to its undercut 
surface. 

The posterior half of the body is filled with a large number of cells, the ger- 
minal cells. On the body wall, at the junction of the cephalic portion with the 
rest of the body, a fine tube can be seen piercing the cuticle on each side. Since 
their inner connections could not be seen their function remains in doubt, 
though Cort (1919) states that they exude the refractile globules which may be 
seen in the space between the embryo and the vitelline membrane lining the 
shell. In some living specimens small refractile globules could be seen forming 
in the body of the miracidium in the vicinity of these ducts, and on focussing 
superficially and deeply two more could be seen situated in the middle of the 
body, which suggests that there is one of these ducts in each quarter of the 
circumference of the body of the miracidium. Further, refractile globules 
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were seen to be attached to the external openings of these ducts while the mira- 
cidium was still in the shell, but in the free-living miracidium the globules 
which formed in the region of the internal openings of these tubes could be 
observed to grow steadily larger and then to vanish. It is probable, then, that 
if the fluid in these internal globules is discharged through the anterior ducts it 
is some substance which is readily miscible with water, since after their discharge 
no corresponding droplet appears in the surrounding water. 

In addition to the above organs four large flame cells are visible, and in 
this respect a slight difference was noted between the miracidia of S. mansoni 
and those of S. haematobium. In the former they are seen as refractile spheres 
containing a flickering cilium, while in the latter they appear as typical long 
pyramidal-shaped flame cells. ‘This difference in appearance is due to the fact 
that in S. mansoni the long axis of these cells lies in the antero-posterior plane, 
while in the miracidia of S. haematobium, viewed in the same position, their 
long axis is at right-angles to this plane. ‘This was the only point of difference 
in internal structure noted in these two species of miracidia. ‘The flame cells 
are situated towards the periphery of the body, one pair at the level of the 
junction of the anterior and middle quarters, and the other pair at the level of 
the junction of the middle and posterior quarters. From each flame cell a 
highly convoluted tubule runs towards the other tubule of the same side, the 
two joining to form the main excretory tubule which, after a very tortuous 
course, discharges at the excretory pore of that side, this pore being situated 
laterally about one-fifth of the body length from the posterior end. Fig. 1 is a 
reproduction of a camera lucida drawing of an S. mansoni ovum illustrating the 
anatomical structures described in the miracidium. 

When examined shortly after excretion of the ovum, the miracidium is 
quite inert within the shell, but after standing in water for a short time the flame 
cells are seen to flicker vigorously. At the same time the transverse diameter 
of the shell is seen to be increasing, owing to the entrance of fluid into the egg by 
osmosis. With the enlargement of the shell the contained embryo becomes more 
and more active, even reversing its position, and the flame cells and other internal 
organs become more distinctly visible. Eventually the cilia over the cephalic 
portion begin to move, and suddenly the shell ruptures and the miracidium 
escapes through the tear. For a second or two it remains expanding and con- 
tracting beside the empty shell, while the cilia over the body begin to move. 
Slowly the newly hatched organism moves away and very shortly is swimming 
rapidly about in search of a suitable snail host. | 

Examination of this free-living form reveals three slight contractions in the 
body wall in each side, visible in all positions of the miracidium around its long 
axis, the anterior being at the site of the anterior ducts and the posterior indi- 
cating the position of the excretory pore. The intermediate depression or 
dimple occurs about three-fifths of the body length from the anterior end, and 
its site is marked by a small group of stationary hairs. ‘Though no ducts were 
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in Sierra Leone corresponded in detail to the descriptions given of these species 
in other countries. Measurements of 100 specimens of each species gave the 
following dimensions : S. mansoni, average length 159 (varying from 182, to 
137), average breadth 68p (varying from 73p to 64), the spine being about 
20 long ; S. haematobium, average length 143 (varying from 159p to 125,), 
average breadth 60p (varying from 73 to 52). These measurements fall 
within the range given by various observers for the ova of these species in other 
countries. 

The shell is thin and permits inspection of the contents. Lining its inner 
surface is a delicate membrane, distinctly visible as a general rule at the poles 
of the egg where it is not in close contact with the shell. Within this membrane 
lies the embryo, somewhat smaller than the shell, the free space being filled with 
a finely granular fluid containing larger refractile globules. ‘The embryo or 
miracidium is approximately oval in shape, the widest portion being at the 
junction of the anterior quarter with the rest of the body. ‘This anterior portion 
is cone-shaped and terminates in a small undercut papilla, which is bare of the 
cilia thickly investing the rest of the body. On cross-section the miracidium is 
round, but the internal organs show a certain degree of bilateral symmetry, so 
that it may be regarded as having two surfaces, which have been designated by 
Cort (1919), according to the relative positions of the viscera referred to, as the 
neural and glandular surfaces. Viewed through the neural surface the nervous 
system appears as a rather irregular granular mass superficial to the other organs 
and situated in the more anterior of the middle quarters of the body ; no nerve 
fibres could be seen connected with it. Anterior to this and on a slightly deeper 
plane is the rudimentary digestive sac, a stout thin-walled tube filled with a 
finely granular material, commencing at the papilla and ending blindly at the 
junction of the anterior and middle thirds of the body. On a still deeper plane 
lie a pair of rounded cells, one on each side, more refractile than the structures 
just referred to, and each possessing a vesicular nucleus. ‘These are the cephalic 
glands, and their ducts run anteriorly, skirting the sides of the body as far as 
the papilla, where abruptly they turn laterally and open on to its undercut 
surface. 

The posterior half of the body is filled with a large number of cells, the ger- 
minal cells. On the body wall, at the junction of the cephalic portion with the 
rest of the body, a fine tube can be seen piercing the cuticle on each side. Since 
their inner connections could not be seen their function remains in doubt, 
though Cort (1919) states that they exude the refractile globules which may be 
seen in the space between the embryo and the vitelline membrane lining the 
shell. In some living specimens small refractile globules could be seen forming 
in the body of the miracidium in the vicinity of these ducts, and on focussing 
superficially and deeply two more could be seen situated in the middle of the 
body, which suggests that there is one of these ducts in each quarter of the 
circumference of the body of the miracidium. Further, refractile globules 
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were seen to be attached to the external openings of these ducts while the mira- 
cidium was still in the shell, but in the free-living miracidium the globules 
which formed in the region of the internal openings of these tubes could be 
observed to grow steadily larger and then to vanish. It is probable, then, that 
if the fluid in these internal globules is discharged through the anterior ducts it 
is some substance which is readily miscible with water, since after their discharge 
no corresponding droplet appears in the surrounding water. 

In addition to the above organs four large flame cells are visible, and in 
this respect a slight difference was noted between the miracidia of S. mansoni 
and those of S. haematobium. \n the former they are seen as refractile spheres 
containing a flickering cilium, while in the latter they appear as typical long 
pyramidal-shaped flame cells. ‘This difference in appearance is due to the fact 
that in S. mansoni the long axis of these cells lies in the antero-posterior plane, 
while in the miracidia of S. haematobium, viewed in the same position, their 
long axis is at right-angles to this plane. ‘his was the only point of difference 
in internal structure noted in these two species of miracidia. ‘The flame cells 
are situated towards the periphery of the body, one pair at the level of the 
junction of the anterior and middle quarters, and the other pair at the level of 
the junction of the middle and posterior quarters. From each flame cell a 
highly convoluted tubule runs towards the other tubule of the same side, the 
two joining to form the main excretory tubule which, after a very tortuous 
course, discharges at the excretory pore of that side, this pore being situated 
laterally about one-fifth of the body length from the posterior end. Fig. 1 is a 
reproduction of a camera lucida drawing of an S. mansoni ovum illustrating the 
anatomical structures described in the miracidium. 

When examined shortly after excretion of the ovum, the miracidium is 
quite inert within the shell, but after standing in water for a short time the flame 
cells are seen to flicker vigorously. At the same time the transverse diameter 
of the shell is seen to be increasing, owing to the entrance of fluid into the egg by 
osmosis. With the enlargement of the shell the contained embryo becomes more 
and more active, even reversing its position, and the flame cells and other internal 
organs become more distinctly visible. Eventually the cilia over the cephalic 
portion begin to move, and suddenly the shell ruptures and the miracidium 
escapes through the tear. For a second or two it remains expanding and con- 
tracting beside the empty shell, while the cilia over the body begin to move. 
Slowly the newly hatched organism moves away and very shortly is swimming 
rapidly about in search of a suitable snail host. ! 

Examination of this free-living form reveals three slight contractions in the 
body wall in each side, visible in all positions of the miracidium around its long 
axis, the anterior being at the site of the anterior ducts and the posterior indi- 
cating the position of the excretory pore. ‘The intermediate depression or 
dimple occurs about three-fifths of the body length from the anterior end, and 
its site is marked by a small group of stationary hairs. ‘Though no ducts were 
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seen in the neighbourhood of this depression, in certain positions of the miraci- 
dium droplets of some hyaline substance were seen to emerge slowly, a substance 
not readily miscible with water. 

One of the most striking features of the transmission of schistosomes 
through their intermediate hosts is the marked specificity of the host-parasite 
relationship. When S. mansoni miracidia are allowed to remain in contact with 
specimens of P. globosa, they show some evidence of attraction, but although a 
number attack the snails few actually penetrate. If, however, specimens of 
P. pfefferi are placed in the same watch-glass, in a very short time the P. globosa 
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Fic. 1, Camera lucida drawing of a mature ovum of S. mansoni showing the internal anatomy 
of the miracidium. 


are deserted and almost all the miracidia are grouped round the specific host. 
This same observation was made in the case of S. haematobium miracidia also, 
but it was noted that this species is not so violently attracted towards its specific 
host, P. globosa, as the miracidia of S. mansoni are towards P. pfeifferi. When 
in the vicinity of its proper host the miracidium swims to and fro until it comes 
in contact with the snail, this attraction being probably due to the positive 
chemotaxis exerted by the mucus secretion of the snail, as suggested by Faust 
(1924). The sites most frequently attacked are the head, foot and tentacles, and 
in addition miracidia can be seen swimming into the mantle cavity. Examination 
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of the snail following exposure to miracidia has proved that the tentacles, head 
and mantle are all susceptible sites in which development can proceed. 

When attacking the snail, the miracidium attaches itself at right angles 
and moves slowly about the area selecting a site, after which it begins to 
bore in. Almost certainly the cephalic glands of the miracidium contain a 
ferment which aids penetration by digesting the tissues, for on examining 
miracidia which have failed to penetrate it was observed that the outlines of 
these glands were no longer visible, though previously they had been very clear. 
Once having made a small opening in the cuticle of the snail, the miracidium 
forces itself in by alternately lengthening and contracting its body so that the 
portion buried in snail tissue is dilated and contracted. ‘This boring action and 
the digestion of the tissues in front of it enables the miracidium to penetrate 
completely in some five to fifteen minutes. In instances where the miracidium 
has penetrated a tentacle, it can be seen moving up and down the lymph cavity, 
eventually coming to rest in most cases near the proximal end. 


Il. THE DEVELOPMENTAL STAGES OF 8S. MANSONI AND 
S. HAEMATOBIUM IN THEIR MOLLUSCAN HOSTS, AS STUDIED IN 
P. PFEIFFERI AND P. GLOBOSA RESPECTIVELY 


Information regarding the progress of the infection is difficult to obtain 
during the first few days following exposure to miracidia. Dissection of the 
tentacle, though this often shows a swelling at the site of infection, rarely reveals 
the developing forms. It was later found, however, that if the snail was dissected 
out of the shell and killed with a hot fixative so that the tentacles remained 
extended, on snipping these off and examining them with the higher powers of 
the microscope, thin-walled sporocysts could be detected, if present, in the 
outer clear layer of the tentacle. Fig. 2 is a camera lucida drawing of an infected 
tentacle examined in this way three days after exposure to miracidia. It will 
be seen that multiplication has taken place and that four sporocysts are present 
in the swollen portion of the tentacle ; it is very probable that a number of 
other sporocysts were also present at this site but were obscured from view by the 
heavily pigmented central portion of the tentacle. ‘These sporocysts are com- 
posed of a closely packed mass of cells, are very thin-walled, and are only to be 
distinguished from the surrounding tissues with some difficulty. Later in this 
paper we will discuss the effect of temperature on the developmental cycle, but 
at room temperature (26° C. to 28° C.) these sporocysts appear to remain close 
to the site of penetration by the miracidium for some seven days in the case of 
S. mansoni, and some three to four weeks in the case of S. haematobium, before 
any migration occurs. In addition, in several instances infection of the tentacle 
with sporocysts was observed even when the snail was emitting cercariae, both 
being the result of a single exposure to infection. ‘The first stage of development, 
then, is a local multiplication of sporocysts near the site of penetration by the 
miracidium ; this is followed by a migration of motile sporocysts, and durii g 
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routine dissections these may sometimes be observed exuding from the base of 
the severed tentacle. ‘These motile sporocysts are sausage- or cigar-shaped 
hyaline bodies, composed of cells with a finely granular protoplasm, and with 
a network of larger refractile granules scattered through its substance, though 
these are mainly confined to the central portion of the body. ‘These forms can 
be observed to make slow waving movements on their long axis and also to 
expand and retract, while localized contractions produce constrictions of the 
body wall; as their appearance differs from those of the sporocysts subse- 











Fic. 2. Camera lucida drawing of the tentacle of a P. pfeifferi infected with the miracidia of 
S. mansoni three days previously. Four sporocysts can be seen in the swelling which they have 


produced at the base of the tentacle. 


quently developing, we will refer to these forms as Type I sporocysts. They 
are very regular in outline, and measurements of 30 gave an average size of 130u 
by 60u. Fig. 3 shows a camera lucida drawing of a typical motile or Type I 
sporocyst. 

During the week following the appearance of motile forms, migration to 
the digestive gland takes place through the body of the snail, and dissections 
reveal the presence of sporocysts in all parts of its muscular tissue. ‘That a very 
considerable multiplication must occur at the site of penetration is shown by 
the fact that at room temperature as many as 100 to 150 motile type sporocysts 
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have been counted during dissections of snails, from a batch exposed to an 
average of 10 miracidia per snail, within two days of their first appearance in 
the body. For about a week following the commencement of migration, ‘Type I 
sporocysts continue to be found in the body, but by the end of this period they 
are observed to have reached the liver. In this organ, on first invasion, they are 
present in greater numbers in the most distal portion than in other parts, 1.e., 
in the ovo-testis or hermaphrodite gland, their arrival here being followed by 
the migration of the great majority to more proximal parts of the liver. ‘The 
reason for their passage through this small gland is not known, but it would 
appear that almost invariably they traverse it, and the fact that they are con- 
stantly seen here suggests that some of them at least may attain it by means of 
the oviduct or hermaphrodite duct and not by simple migration through the 
tissues. As incubation proceeds, sporocysts become less numerous in the distal 
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Fic. 4. Camera lucida drawing of a Type II sporocyst. 


portion of the visceral mass and become concentrated in the anterior portion, 
though in infected snails some sporocysts are always to be found in the former 
situation. A change is now to be seen in the sporocysts, and in place of the 
Type I there appears a motionless very cellular sporocyst, which we shall refer 
toas Type II. This type has a very irregular shape, with a double outline and 
with well-marked constrictions, as though it were dividing across the long axis 
of its body. ‘Their cellular construction gives them a ‘ honeycomb ’ appearance, 
and the refractile granules are more diffused through the body of the sporocyst, 
while the cells have large and prominent nuclei. ‘They occur only in the liver 
and they vary greatly in size, from the fact that some are recently formed by 
splitting off from others. In this way multiplication of sporocysts occurs in 
the liver as well as in the site of penetration. In both species of snail Type II 
sporocysts are to be found almost immediately after invasion of the liver. Fig. 4 
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reproduces a camera lucida drawing of one of these forms and shows the change 
which has occurred in the appearance of the sporocysts. During the week 
following invasion of the liver a further change in their appearance is noted 
and a third type is to be seen. ‘Type III sporocysts, instead of possessing a 
honeycomb appearance, show the differentiation of large groups of cells in their 
interior, usually some six to ten of these cellular masses being visible ; they are 
the ‘ germ balls’ from which develop the adult cercariae. ‘These sporocysts, 
of which a typical specimen is illustrated in Fig. 5, are very thin-walled and 
readily rupture during the process of dissection. 

The developing cercaria is first seen as a mass of cells within a Type III 
sporocyst, which very gradually assumes the characteristic appearance of the 
mature infective form. ‘The first change noted is the elongation of the mass of 
cells into an oval with a small bud at one end which later divides into two, 
representing the furcal rami. Gradually the tail stem grows out from the body, 
bulbous and irregular, with the two undeveloped furci at the end. ‘The immature 
cercaria is covered by a layer of epithelial cells with large nuclei, which are 





Fic. 5. Camera lucida drawing of a Type III sporocyst containing germ balls. 


later shed as the organism attains maturity. ‘The cercarial body now begins to 
show differentiation, the cephalic glands and the anterior organ usually appearing 
first. Finally, the body assumes its mature form, and some 24 hours later the 
tail is fully developed. In aquaria maintained at 26° C. to 28° C., mature active 
cercariae were first seen in P. pfeifferi by the nineteenth day, and in P. globosa 
by the fifth week. In spite of the presence of these active mature forms, no 
emission of cercariae was noted amongst the snails tested until some 48 hours 
after the first appearance of adult cercariae in the liver. Dissections of 
numerous snails, infected both in the laboratory and in nature, have confirmed 
the observation of other workers that in infected specimens the liver is enlarged 
and pale, and the shell is more brittle and fragile than in uninfected specimens. 
The pallor of the liver is not an invariable sign of infection, since starvation, by 
removing the supply of green food, may produce the same change in colour. 

As has already been stated, at room temperature (26° C. to 28° C.), cercariae 
were shed by infected P. pfeiffc7vi, from the twenty-first day onwards, and it was 
noted in a series of experiments that the length of the incubation period was 
remarkably constant amongst the snails in any particular batch. Thus, disregard - 
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ing the difference in the periods required for the shedding of infective forms in 
different batches (which will be discussed when considering the effects of tem- 
perature variations) and considering only the days following the first shedding 
of cercariae in the various experiments, of 200 P. pfeifferi which discharged 
cercariae, 82 discharged on the first day, 86 on the second day, 18 on the third 
day, 11 on the fourth, 3 on the fifth and sixth days respectively, and 1 on the 
seventh day. ‘The snails in the various experiments which had not discharged 
by the eighth day were dissected to ascertain whether they were infected or not, 
and of 49 P. pfeifferi thus examined at the conclusion of the test period only 3 
were found to be infected, the remainder being free from these parasites. ‘This 
result shows the remarkable regularity of the duration of the incubation period 
in P. pfeifferi, for 82 per cent. of the infected snails discharged within 48 hours 
of the first shedding of cercariae. ‘This regularity, though also noted in the case 
of P. globosa, was not so marked, the following results being obtained : of 69 
P. globosa found to be infected, 20 discharged on the first day, 15 on the second, 
10 on the third, 2 on the fourth, 4 on the fifth, 4 on the sixth, 8 on the seventh, 
and 3 on the eighth; while of the 22 which had not discharged during this period 
on subsequent dissection 3 were found to be infected. 

The period of incubation quoted here, at 26° C. to 28° C.—viz., 3 to 4 
weeks for S. mansoni in P. pfeiffert, and 5 to 6 weeks for S. haematobium in 
P. globosa—is considerably shorter than that given by most other observers. 
Lutz (1919) states that cercariae of S. mansoni were only discharged by P. olivaceus 
after a period of a month and a few days following exposure ; Blackie (1932) 
gives 6 to 8 weeks; while Archibald and Marshall (19325) record an incubation 
period of 55 to 58 days in P. ale xandrinus and P. herbeni.. Archibald and Marshall 
(1932a) also give the incubation period of S. haematobium in B. truncatus as 
averaging 6 to 7 weeks. Only one result comparable to the short incubation 
period observed in our experiments has been noted in the literature, Faust and 
Hoffman (1933) recording cercarial discharge from S. mansoni-infected P. guade- 
loupensis as early as the twenty-fourth day. At least two factors may be held 
responsible for the variation in the incubation periods given by different authors, 
viz., the effect on the parasite of the various species of snail used, and the tem- 
perature at which these different observers carried out their experiments. It 
is possible that in a large species of snail, such as P. olivaceus, sporocyst migration 
to the visceral mass may take much longer than in a small species, but little 
evidence of this effect of mere bulk was to be noted in our experiments, in which 
snails of the same species, but of varying sizes, were exposed to their specific 
parasite and subsequently incubated under the same conditions. It has already 
been shown that irrespective of size almost 100 per cent. of infected P. pfeiffert 
discharged inside a period of 8 days of the first cercarial discharge, and more 
than 80 per cent. within 2 days. The other factor suggested as a cause of the 
wide range of variation in the incubation periods quoted by different authors, 
namely, the effect of variations in temperature, was made the subject of a special 











380 


study, and the discussion of this subject will be reserved for a later portion of 
this paper. 
Il. THE MORPHOLOGY AND BIOLOGY OF THE 
CERCARIAE OF S. MANSONI AND S. HAEMATOBIUM 

The morphology of the cercariae was studied both in the active mature 
forms present in the livers of infected snails, and in cercariae discharged by 
them ; study of the former was useful since it was possible to obtain a concen- 
tration in a very small bulk of fluid, though by keeping infected snails, which 
were already discharging, on damp filter paper for 12 to 24 hours and then 
transferring them to about 1 c.c. of water, an excellent concentration of shed 
cercariae could be obtained. 

Considerable variation of opinion exists regarding certain points in the 
anatomy of the cercariae of S. haematobium and S. mansoni, but, in the general 
description of the morphology which follows, these subjects of disagreement 
will not be referred to, since they will be discussed separately in detail. Most 
of the observations recorded here were made on living unstained cercariae, but 
in addition stained preparations were made for the accurate study of certain organs. 

(1) The general morphology of the cercariae of S. mansoni and S. haematobium. 
The cercariae of the human schistosomes possess two suckers, one situated 
at the anterior end of the body and the other towards the middle of the ventral 
surface of the body ; their tails are bifid and without any membrane along the 
ramus or furci, while the latter appendages measure less than half the length of 
the ramus. There are no eyespots, and the human schistosome cercariae are 
distinguished from the other distome cercariae by the absence of a pharynx. 
When at rest in a relatively large bulk of fluid, the cercariae hang head downwards 
and fall steadily toward the bottom until movement is recommenced, usually 
towards the surface and tail foremost. Movement is accomplished by a very 
rapid oscillation of the tail from side to side between two fixed points, the 
posterior sucker on the body and the point of junction of the tail furci. ‘This 
motion is very characteristic and suggests the form of a figure of eight. When 
active the furci are always extended, but at rest they may be curled inwards, 
and often they are used to suspend the organism from the surface film of the 
water. The cercariae can progress over a solid object by means of its suckers, 
the anterior and posterior being protruded alternately and attached to the 
surface, while the tail is dragged passively behind. During progression by this 
method both suckers, but particularly the ventral one, show considerable power of 
protrusion, and the body is capable of marked elongation and contraction. 

The dimensions of the two species of cercariae as given by many authors 
show a wide variation, and are of little comparative value unless a standard 
method has been used for obtaining the measurements. The following measure- 
ments were obtained after killing the cercariae by gentle heat and covering 
carefully with a cover-slip, the edges being ringed to prevent pressure on the 


cercariae by evaporation. 
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From ‘lable VII it may be seen that both in the mean and in the maximum 
and minimum measurements the cercariae of S. haematobium gave slightly higher 
readings than those of S. mansoni, while a comparison of the above results with 
those of other workers showed that the measurements of the Sierra Leone series 
of both species correspond closely with those obtained in other countries. 

The entire cuticle of the cercariae, with the exception of the anterior sucker 
and the tips of the furci, is covered with small closely-set backwardly-directed 
spines, which are especially numerous over the ventral sucker. In addition to 
these there are present a number of hairs, which were first brought to our 
notice by Dr. H. Vogel, of the Institute of ‘Tropical Medicine, Hamburg, who 
observed them on S. mansoni cercariae and described them as tactile hairs. We 
have corroborated his observation of these structures in the case of SS. mansont, 
and have also observed them on S. haematobium cercariae, and, since they do 
not appear to have been recorded hitherto in the literature, we will describe 

TasBie VII 


Showing the dimensions in microns of 100 cercariae of S. mansoni and of S. haematobium killed 
by gentle heat 




















S. mansoni | S. haematobium 
Average Maximum  Mlinimum Average Maximum Minimum 
Body length tad 168 Iso 150 176 197 150 
Body breadth oe 5Y 73 48 60 69 51 
Ramus length Ss oF 232 193 226 262 210 
Ramus breadth ... 35 17 30 3 4] 30 
Furcus length “a 79 Q4 64 87 a9 70 
Furcus breadth ... 13 15 a) 14 17 11 





them briefly and give a reproduction of a camera lucida drawing (see Fig. 6). 
These hairs are only seen with considerable difficulty, since they are not visible 
except by dark ground illumination or by special methods of staining ; further, 
they are very fragile and break off on the addition of any fixative. ‘lhe simplest 
method of rendering them visible was found to be the use of a flagellar stain, 
carbol-fuchsin diluted 1 in 100 parts of water, to which live freshly-shed 
cercariae were added. After a suitable length of time in the stain, usually about 
15 minutes, the cercariae were examined directly or were mounted using the 
serum technique described in the Appendix. ‘These tactile hairs are most easily 
seen on the ramus of the tail, some 10 to 12 being visible on the anterior and 
posterior surfaces ; several may also be seen on the furci, but only on the inner 
aspects. ‘hey may also be observed sparsely distributed over the body, but 
we were unable to note any regular distribution of the hairs over this area ; in 
both species of cercariae they appeared similar in number, structure and position, 
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Their structure appears to be as indicated in the diagram, namely, a long thin hair 
some 9 to 12 microns in length, arising from a rounded base which is set on a 
small cuticular tubercle. We are unable to state the function of these structures, 
but, as suggested to us by Dr. Vogel, they are probably sensory organs. 
Longitudinal and circular muscle fibres may be seen beneath the cuticle of 
the cercaria, being particularly strongly developed in the region of the anterior 
organ. ‘lhe body when at rest is pear-shaped, bluntly rounded anteriorly and 
with the greatest width about the junction of the middle and posterior thirds. 
At this level is situated the ventral sucker or acetabulum which is capable of 
marked protrusion, measures about 20y in diameter, and has a small V- or 'T- 
shaped opening ; on side view it has the appearance of a short truncated cone. 
The anterior organ, occupying the anterior third of the body, is roughly pyra- 
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Fic. 6. Camera lucida outline of the tails of two S. haematobium cercariae which have been 
stained and mounted, showing the position of the sensory hairs seen in ventral and lateral views. 
‘The twisted and irregular appearance of the hairs is due to the staining technique used. In living 
specimens these hairs are straight rigid structures and are the shape shown in the right-hand 
diagram. 


midal in shape with the base anterior and forming the anterior sucker. The 
mouth opening is sub-terminal, and from it a tube leads backward into the body 
through the thick muscular apex of the anterior organ, bending dorsally and 
ending just above the acetabulum in two small laterally-placed caeca which 
represent the intestinal caeca of the adult worm. ‘The posterior third of the 
anterior organ appears solid and is pierced only by the gut, but immediately in 
front of this portion the muscular wall is penetrated on each side of the middle 
line by the gland ducts directed medially, which then, running forward parallel 
to those of the opposite side, terminate in a series of small spines inside the 
anterior sucker from which they can be protruded. No glands were to be seen 
in the anterior organ and no nuclei were observed either unstained or on staining 
which would suggest the oral glands described in the cercaria of S. japonicum. 

Behind the anterior organ and situated laterally in the body are two triangular 
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areas filled with cells, their bases at the periphery of the body and their apices 
towards the middle line but not meeting. ‘hese cells, which represent the 
nervous system of the adult, are best seen when stained, but in unstained speci- 
mens transverse striations can be observed amongst them. ‘lhe posterior half 
of the body is filled with a number of large cells, the cephalic glands, also termed 
the penetration glands or secretory glands. Four of these glands lie immediately 
dorsal to the ventral sucker, and are relatively large, pear-shaped and with their 
long axes inclined anteriorly towards the middle line. Posterior to these and 
to the ventral sucker there is a more homogenous and finely granular mass 
representing the posterior gland cells. ‘Vhe anterior group of gland cells can 
be distinguished from this posterior group by the comparatively large granules 
contained in the former. Occasionally in unstained preparations large vesicular 
nuclei could be seen in both sets of glands. From these gland cells arise ducts 
which run forward to the periphery of the body, curve in again at the level of 
the oesophageal diverticula, to pass on the inner sides of the nerve cells, then 
bending out until they reach the anterior organ they pierce it postero-laterally, 
and approaching the middle line pass forward parallel to those of the opposite 
side. ‘These ducts form a compact tract on each side, and owing to this fact it 
is impossible to count their numbers until they have been suitably stained ; 
similarly it is impossible to count the minute spines on the inner margin of the 
anterior sucker in which the ducts terminate. 

Posterior to the gland cells there lies a small mass of cells representing the 
genital system. ‘These cells are difficult to see if unstained, but they stain with 
neutral red and in fixed preparations with any of the nuclear stains. A difference 
has been said to exist between the two species of cercariae in the number and 
size of these cells, but in the series of both species examined by us no constant 
difference in size or number was noted ; in both, the genital system appeared 
to be represented by a group of some 20 to 30 small cells behind the acetabulum 
and close to the posterior end of the body in the middle line. At the extreme 
posterior end of the body a narrow rim projects which surrounds the tail, a 
solid cylindrical organ somewhat longer than the body and bifurcated at the end, 
the furci being rather less than half the length of the ramus. 

The above description of the cercariae of S. mansoni and S. haematobium 
has not included any reference to the excretory system and has only mentioned 
briefly the cephalic gland system. A study of these systems is not essential in 
order to distinguish the cercarial forms of the human schistosomes from those 
of the animal schistosomes, but great stress has been laid on the necessity for 
their careful observation in order to distinguish the cercariae of one species of 
human schistosome from another. If significant differences exist between the 
three species of human schistosome cercariae, then, in order to prove that a 
certain species of snail is a vector of a particular form of schistosomiasis, the 
time and labour involved in infecting animals, in order subsequently to recover 
adult parasites, is unnecessary, and a careful examination of the cercariae 
discharged will furnish sufficient evidence. 
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(2) The cephalic glands of the cercariae of S. mansoni and S. haematcbium. 
It has frequently been stated that the species of the cercariae of the human 
schistosomes can be determined by means of their characteristic morphological 
features, the three points of difference being in the cephalic glands, the genital 
cells and the excretory systems. During the last 17 years many workers have 
studied the human schistosome cercariae in these respects, but, though a con- 
siderable literature is now available regarding the minute anatomy of cercariae, 
the observations differ from each other so radically that at the present time there 
is no generally accepted description of the anatomy of these systems, and conse- 
quently no certain means of differentiating the two species of cercariae with 
which this paper deals, except by the experimental infection of an animal and 
the subsequent recovery of adult worms. 

The opinions of the various workers regarding the number and reaction 
of the penetration glands have been quoted in detail so frequently in the literature 
that nothing more than a synopsis will be given here, and that as briefly as 
possible. In ‘Table VIII which follows are recorded the opinions of various 
workers regarding the number and reaction of the cephalic glands in the two 
species of cercariae. 

A comparison of the observations quoted in Table VIII shows that a 
considerable degree of dissension exists amongst the various workers as to the 
number of glands present in the two species of cercariae under consideration. 
If it is granted that the cercariae studied by the workers referred to above 
belonged to the species stated by the authors—a point not proved, since much 
of the work was done on naturally infected snails, and experimental transmissions 
to animals were not performed or their results have not been recorded—then 
three possibilities have to be considered. Firstly, some or all of the observations 
are incorrect ; secondly, the records are correct and there are several subspecies 
of these trematodes ; thirdly, a constant number of penetration glands does not 
exist in either species of cercaria in all localities. The first of these hypotheses 
would appear to be the most probable for reasons which we will discuss. Iturbe’s 
S. mansoni material, in which he stated that he observed three pairs of cephalic 
glands, was submitted to Faust (1926) who claimed to demonstrate six pairs of 
these glands. Again, Faust (1926), dealing with S. haematobium cercariae from 
South Africa, at first recorded three pairs of cephalic glands, but on re-examining 
with improved technique the same material and also material from Egypt he 
stated that he could demonstrate five pairs of glands; yet Archibald and 
Marshall (19322), working in Egypt, were unable to satisfy themselves that more 
than three pairs of cephalic glands were present in the cercariae of this species. 
All the observers, moreover, were convinced after the study of numerous 
specimens that the number of these glands was constant for the species under 
investigation throughout all their observations. It would appear probable, 
then, that the dissension amongst the workers quoted is probably due to incorrect 
observation on the part of some, and it is likely that this is in part owing to the 
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lack of a suitable technique for the study of these organs in the cercaria. It 
should be noted, however, that a certain unanimity of opinion exists regarding 
one point, namely, that two sets of glands are present in both species, an anterior 
and a posterior, differing in the size of the granules they contain and also in 
their reactions to stains. 





TaBLeE VIII 


Showing the number and reaction of the cephalic glands in the cercariae of S. mansoni and 
S. haematobium as recorded by various authors 





Number and reaction of cephalic glands in 











Authority Year S. mansoni cercariae S. haematobium cereariae 
Iturbe ... ies i 1917 3 pairs 
Lutz ve a wien 1919 6 pairs or more —- 
Faust ‘a — ae 1919 2 pairs granular 3 pairs 
4 pairs non-granular 
Porter... bes ‘ees 1920a & b 2 pairs acidophilic 3 pairs 
4 pairs basophilic 
Faust... wu aia 1920 2 pairs acidophilic 3 pairs 
4 pairs basophilic 
Manson-Bahr and Fairley 1920 2 pairs large 3 pairs acidophilic 
2 pairs small 
Bettencourt and Borges... 1922 --- 3 pairs 
Khalil... om in 1922 2 pairs coarsely granular 
2 pairs finely granular 
Blacklock and ‘Thompson 19246 — 2 pairs acidophilic 
3 pairs basophilic 
Bettencourt and da Silva 1925 3 pairs acidophilic 
Faust... or wis 1926 2 pairs acidophilic 2 pairs acidophilic 
4 pairs basophilic 3 pairs basophilic 
Mohammed -~ at 1931 — 2 pairs acidophilic 
| __ 3 pairs basophilic 
Archibald and Marshall... | 1932a = 2 pairs coarsely granular 
2 pairs finely granular 
Archibald and Marshall... 1932b 2 pairs coarsely granular 
3 pairs finely granular 
Mohammed avin = 1932 2 pairs acidophilic 2 pairs acidophilic 
4 pairs basophilic ___ 3 pairs basophilic 
Vogel nis oa ‘6 1932 2 pairs coarsely granular — 


3 pairs finely granular 





In the study of the cercariae of S. mansoni and S. haematobium in Sierra 
Leone we made use of most of the techniques used by previous workers and in 
addition some not hitherto recorded. ‘The most useful of the previous methods 
were found to be the study of freshly shed unstained cercariae examined in water 
or 0:5 per cent. saline with or without the assistance of vital stains, and the study 
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of whole cercariae stained after the methods advocated by Faust (1926) and Vogel 
(1932) ; in addition, serial sections were made of the livers of infected snails as 
recommended by Faust (1926) and Mohammed (1931). On examination of live 
unstained cercariae the distinction between the anterior and posterior groups of 
glands can readily be recognized in both species of cercariae, the anterior glands 
being larger than the posterior and containing relatively large granules, while 
on occasions large and distinct nuclei are visible in the anterior glands so that 
two pairs can be counted. ‘The posterior group of glands are much more 
difficult to count, since these cells occupy the area between the ventral sucker 
and the posterior end of the body and hence are crowded together and overlap. 
On several occasions, however, the nuclei were distinctly visible and there 
appeared to be three pairs of glands in the posterior group of both species. ‘The 
study of this posterior group was greatly facilitated by using the stains recom- 
mended by Faust and Vogel already referred to. ‘These carmine stains, Best’s 
carmine and Orth’s lithium carmine, proved to be very selective for the posterior 
gland cells and preserved cercariae could readily be stained in toto, the posterior 
glands retaining the stain permanently while the remaining tissues were unstained. 
Lithium carmine was more extensively employed than Best’s stain since it 1s 
more stable, is simpler to make up, and yields results if anything more satisfactory 
than the latter. It was used on formalin or Bouin fixed material, the cercariae 
being added to the stain which was diluted one in three to one in six. It was 
further found that if live cercariae were added to the stain the posterior glands 
and the ducts leading from them stained intensely and were more widely 
separated, and hence more easily counted, than in the fixed specimens ; cercariae 
stained in this manner were then fixed in formalin and mounted. Examination 
of some hundreds of cercariae obtained from P. pfeifferi and P. globosa, infected 
naturally or in the laboratory from human cases of S. mansoni and S. haematobium 
infection respectively, and stained with these carmine stains, left no doubt that 
in each species three pairs of posterior finely granular cephalic glands were 
present, and leading from them three pairs of ducts occupying lateral positions 
in the bundle. ‘This finding is in agreement with the observations of Khalil 
(1922), Archibald and Marshall (19326) and Vogel (1932), working with S. mansont 
cercariae in Egypt, the Sudan, and French Guinea respectively. Similarly our 
observations on the cercariae of S. haematobium in Sierra Leone corroborate the 
findings of Blacklock and ‘Thompson (19246) in this Colony, of Faust (1926) 
working with material from South Africa and from Egypt, and of Mohammed 
(1932) in Egypt. 

It remained to find a stain which would be equally selective for the anterior 
glands and yield similar indubitable results. ‘To Dr. H. Vogel, of the Institute 
of ‘Tropical Medicine in Hamburg, we are indebted for the suggestion that 
alizarin might be of value, and a trial of this stain proved its worth as a vital 
stain. Alizarin is only slightly soluble in water, and a saturated solution made by 
boiling in water was found to be the most suitable strength ; excess of this when 
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filtered and cool was added to a watch-glass containing recently shed live cercariae, 
and within a few minutes the first faint selective staining could be seen. Examined 
about half an hour after transference to the solution, the cercariae showed 
intense purple staining of the granules contained in the anterior glands and 
their ducts, while the remainder of the cercaria was unaffected by the stain. 
On the death of the cercaria the stain began to diffuse into the other tissues and 
selectivity was lost. In suitably stained specimens, i.e., before the death of the 
cercaria and after a sufficiently long period in the alizarin solution, two pairs ot 
anterior glands and their ducts could be seen, the ducts occupying the most 
medial position in the bundle which has already been described as penetrating 
the anterior organ and terminating in the secretory spines in the anterior sucker. 

The conclusion was reached after the examination of large numbers of 
cercariae of both species under consideration that there were present two pairs 
of anterior coarsely granular glands and their ducts which stained selectively 
with alizarin, and that there were three pairs of posterior finely granular glands 
and their ducts which stained selectively with lithium carmine or Best’s carmine 
and that neither in the number, situation or reactions of the cephalic glands 
could the cercariae of S. mansoni be differentiated from those of S. haematobium 
as found in Sierra Leone. Further proof was afforded when the attempt was 
made doubly to stain cercariae of both species with these stains, since there was 
the possibility that one or more pairs of the cephalic glands might be selectively 
stained by both stains when used separately. It was found very difficult to stain 
cercariae with both stains together as they seemed to be mutually antagonistic, 
but a technique was evolved (for details see the Appendix) which, though not 
entirely satisfactory, showed the presence of five pairs of cephalic glands selec- 
tively stained in the same way as when the stains were used separately. ‘These 
findings were further corroborated by the examination of serial sections of the 
livers of infected snails which were discharging cercariae. It was found possible 
by careful staining with Delafield’s haematoxylin and eosin to produce selective 
staining of the cephalic glands in the sectioned cercariae, and the results showed 
that there were two pairs of acidophil coarsely granular anterior glands and three 
pairs of basophil finely granular posterior glands. On the coloured Plate accom- 
panying this paper may be seen a series of coloured camera lucida drawings 
showing the appearances obtained by these various techniques, and demon- 
strating the number and staining reactions of the two groups of cephalic glands. 
It should be noted that it is impossible to retain in mounted specimens the 
appearance of the alizarin staining, but by means of a somewhat complicated 
technique (which is described in the Appendix) we were able to mount alizarin- 
stained cercariae to show the number and site of the anterior group of glands ; 
by this method, however, the purple staining of the alizarin was lost and replaced 
by a brown shade, which was confined to the cells stained with alizarin. 

(3) The excretory systems of the cercariae of S. mansoni and S. haematobium. 
As has already been noted, we found it impossible to distinguish the 
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cercariae of these two species by any difference in their genital cells or in their 
cephalic glands ; it remained to be shown whether any difference existed in 
their excretory systems, as has been stated by various authors. ‘The study of 
this system is rendered difficult by the fact that the examination must be made on 
the living cercariae and little assistance is to be had from stains, with the result 
that prolonged inspection is impossible. One has therefore to rely on a series 
of observations made on a number of cercariae in which glimpses are obtained of 
ditferent portions of the system, from which the general idea of the whole is 
built up. 

The cercarial excretory system consists essentially of three sets of organs, 
viz., flame cells, a highly convoluted system of collecting tubules and an excretory 
vesicle and duct. ‘he system commences in the flame cell, a number of which 
may be seen throughout the body of the cercaria, mainly in the periphery. ‘The 
cell is small and lanceolate, and contains a tongue-like organ which in the living 
animal flickers continually with a characteristic motion. From these arise 
collecting capillaries which join to form collecting tubules, the tubules uniting 
to form a main collecting channel on each side. ‘These main channels commence 
on the dorsum and laterally on each side, and they run anteriorly for a short 
distance before turning ventrally and medially to proceed posteriorly to the 
excretory vesicle, the lateral sides of which they enter. All these tubules are very 
convoluted, and it is difficult to ascertain their exact connections. ‘The excretory 
vesicle or bladder is seen as a small clear area which is situated in the most 
posterior part of the body in the middle line ; from this arises the main excretory 
duct which at the commencement bifurcates to enclose the Island of Cort. ‘The 
branches unite at the commencement of the tail, down which the duct runs more 
or less in the middle line to within a short distance of the bifurcation of the 
furcal rami, at which point it divides, one branch passing down each furcus. 
Each of these branches ends at the tip of the furcus in an ampulla which com- 
municates with the exterior through a small papilla. 

With the above general description all previous observers are in agreement, 
but the same unanimity does not exist regarding the number and position of 
the flame cells, the connection of the collecting tubules and the position of the 
ciliated areas, specialized portions of the tubules which, just before the death 
of the cercaria, may be seen exhibiting a ciliary movement unlike that of the 
flame cells. All observers are agreed as to the presence in both species of a pair 
of flame cells in the tail just distal to its junction with the body, but the number 
in the body of S. mansoni cercariae has been put at three (by Khalil, 1922 ; and 
Archibald and Marshall, 19326), four (by Iturbe, 1917; and Vogel, 1932) and 
six (by Manson-Bahr and Fairley, 1920). Similarly the flame cells in the bodies 
of S. haematobium cercariae have been stated to be six by Manson-Bahr and 
Fairley (1920) and three by Blacklock and Thompson (19246), Bettencourt and 
da Silva (1925) and Archibald and Marshall (1932a). From the divergent 
results obtained by the various workers quoted here, it can be seen that there 1s 
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no general agreement as to the number of these cells in the two species of cer- 
cariae, and hence it is impossible to use this system as a criterion for differenti- 
ating them. A similar state of disagreement is to be found in the statements 
regarding the position of the ciliated areas, which have only been recorded by 
some of the authors mentioned. In S. mansoni cercariae two pairs of these have 
been stated variously to be at the beginning and end of the main collecting 
channels, the dorsal parts of the main channels, and in the posterior tubules, 
while in S. haematobium cercariae they have been recorded twice in the main 
channels, and in one paper one pair has been stated to be in the main channels, 
the other being in the posterior tubules. 

Examination of S. mansoni cercariae in our series of observations in Sierra 
Leone yielded results similar to those of Vogel (1932) working in French Guinea, 
that is to say, four pairs of flame cells were noted in the body and one pair at 
the commencement of the tail. ‘The accompanying diagram indicates the position 
of these organs, and shows that they all lie towards the periphery of the body, 
though the most anterior and posterior pairs are slightly more lateral than the 
intervening pair; when viewed through the lateral sides of the cercaria, the 
first and third pairs from the anterior end are situated in the dorsum, while the 
second and fourth pairs lie ventrally. ‘The two anterior pairs drain into the 
anterior tubule, while the capillaries of the three posterior flame cells unite to 
form the posterior tubule. The anterior and posterior tubules join on each side 
to form the main channels at the level of the acetabulum. It should be noted 
here that the exact connections of these fine ducts are not easily ascertained, as 
they are difficult to see and pursue a very devious course ; the statements made 
here, therefore, are our opinions based on the examination of a large number of 
specimens. ‘The course of the main channels, owing to their larger calibre, is 
more easily followed and has already been described. ‘Iwo pairs of ciliated 
areas were seen, but only occasionally and just before the death of the cercaria ; 
they appeared to exist in the anterior and dorsal part of the main channels, as 
has been noted by Vogel. They can readily be distinguished from flame cells 
by the character of their motion, for they appear to contain a large whip-like 
flagellum which exhibits a steady wave-like motion unlike the flicker of the 
short flagellum in the flame cells. 

A similar examination of the cercariae of S. haematobium revealed the fact 
that five pairs of flame cells were also present in this species, occupying exactly 
the same position as in the S. mansoni cercariae, while two pairs of ciliated areas 
were present in the main collecting channels in the sites already described. In 
short, no difference could be detected in the excretory systems of the two species 
of cercariae. The position and relations of the various structures in the excretory 
systems of the two species has been represented diagrammatically in Fig. 7. 
The observation regarding the number of flame cells in the cercariae of S. haema- 
tobium is at variance with the observations of all previous observers (with the 
exception of one reference to be mentioned later). ‘The existence of the fourth 

L 





390 


pair in the body may easily be overlooked, since, as the diagram shows, the two 
pairs of flame cells in the posterior part of the body lie almost on the same dorso- 
ventral plane, and the movements of the lower pair may be confused with those 
of the upper; when examined, however, through the lateral aspect of the 
cercaria it is seen that the two pairs lie on different horizontal planes. In the 
literature, one paper (Archibald and Marshall, 1933) refers to a similar number 
of flame cells in S. haematobium cercariae. ‘These authors exposed specimens 
of B. truncatus, which were at the time shedding pigmented cercariae, to miracidia 
from a human case of S. haematobium infection, and after a long incubation 


flame cells 


Ciligted areas 





fee Main Collecting 
Channel 


Flame cells 


Excretory vesicic 

















SS 
SS a 
SS 
Excrelory pore 


Fic. 7. Diagrams of the excretory systems of the cercariae of S. mansoni and S. haematobium, 
as seen through the ventral and lateral surfaces. 





period cercariae were emitted which were exactly similar to those of S. haema- 
tobium except that they contained four pairs of flame cells in the body. When 
these cercariae were allowed to penetrate a monkey, terminal spined ova were 
excreted four months later, and at autopsy typical S. haematobium adults of both 
sexes were recovered from the mesenteric veins. In view of the fact that only 
three pairs of flame cells had been observed in the bodies of S. haematobium 
cercariae during their previous investigations, the authors expressed the opinion 
that these cercariae now described were aberrant forms of that parasite. It is 
true that aberrant forms do occur, for, amongst cercariae from a specimen of 
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P. globosa infected in the laboratory from a human case, one was noted by us 
in which three distinct flame cells could be counted in the tail instead of the usual 
pair. ‘Throughout the whole series examined, however, whether naturally or 
experimentally infected, four pairs of flame cells were consistently present in 
the body and one pair in the tail. 

(4) The biology of the cercariae of S. mansoni and S. haematobium. 
The number of cercariae discharged by an infected snail on the first day of 
discharge was always small, usually from 1 to 10, though occasionally as many 
as 30 or 40, but rapidly the output increased, until after a few days large numbers 
were being shed. The number, however, fluctuated day by day from 50 to as 
many as 500 or 1,000. In the great majority of cases the emission of cercariae 
was maintained throughout the remainder of the life of the snail. In our experi- 
ments most of the infected snails died during the month following the first 
shedding of cercariae, but in a number of instances they remained alive and 
permitted records to be kept of the duration of their period of discharge. ‘These 
snails were tested weekly by transferring them from the aquarium to test-tubes, 
incubating at 37° C. for 15 minutes to stimulate cercarial discharge, and then 
allowing them to stand at bench temperature for an hour before reading. In 
the case of P. pfeifferi, records have been obtained of snails emitting cercariae 
for some 40 days, and in one case for as long as 90 days from the date of first 
discharge. As a general rule 100 to 200 cercariae were discharged during a 
single test, but as many as 500 have been noted. One P. pfeifferi, which was 
being tested some three weeks after its first discharge, did not emit cercariae, 
and on dissection no evidence of infestation was found except a pale and enlarged 
liver tissue. ‘This was the only instance in which we noted a natural termination 
of the infection, the snail dying in all other cases while still infected usually some 
4 to 6 weeks after first discharging. In the case of P. globosa several specimens 
have been observed for 80 or 90 days, and one specimen for 120 days, during 
which time cercariae varying in number from 50 to 400 have been discharged 
on each of the weekly examinations. In no case has a snail of this species shown 
a natural termination of its infection, and it would appear that normally the 
intermediate hosts of the human schistosomes once infected remain so for the 
duration of their lives which, under laboratory conditions at least, are probably 
shortened by the deleterious effects of the infestation. ‘This belief in the long 
duration of the infection in snails is corroborated by dissections of collected 
specimens, for it was found in certain localities that all the largest snails were 
infected, which suggests that under natural conditions there is little tendency 
for the infection to terminate except by the death of the snail. 

Several factors were observed to influence the rate of emission of cercariae. 
It was noted that transference, in a test-tube, to a refrigerator for 15 or 20 minutes 
and subsequently placing the snails at bench temperature for half an hour 
stimulated the discharge of cercaria, and that a similar result followed warming 
in a 37° C. incubator. Exposure to sunlight for a quarter of an hour also stimu- 
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lated emission, but whether this is a result of the warmth or the effect of the 
light we are not prepared to say. Light does not appear to be essential to cer- L 
carial discharge, for snails which had passed their incubation period in a dark 
aquarium discharged even when the test-tubes had been kept for several days 
in an ice chest in total darkness except for about half an houraday. Nevertheless, 
the majority of the snails appeared to discharge during the hours of daylight. 
As already mentioned, snails were tested for infection after the incubation 
period by placing them in test-tubes and examining them daily, the examination 
being made at 2 p.m. ; a preliminary reading made at 8 a.m. rarely showed the 
presence of cercariae, though six hours later several snails would be found to ) 
have discharged. Cort (1922) made a study of the escape of cercariae (Cercaria 
elephantis) from their snail host (Planorbis trivolvia) and found that escape 
occurred in waves recurring every 24 hours and covering only a part of this 
period ; he further noted that the time of these waves differed in different 
snails, in some occurring in the daytime and in others at night. He observed, 
however, that an echinostome cercaria from Phyea ancillaria parkeri showed a 
strong positive reaction to light, and that its escape was almost entirely limited 
to the daytime. 

Once having emerged, the cercariae live a very active life for their short span 
of some 54 hours, and during this time they can accommodate themselves to a 
wide range of temperature. We have kept cercariae for short periods of time 
at 12° C. and 37° C. and did not notice any harmful effect of these temperatures. . 
Oxygen and moisture are essential and in the absence of either of these they die 
rapidly ; for example, in a cover-slip preparation with sealed edges cercariae 
rarely live more than an hour or two. Periods of activity alternate with periods 
of rest, but if the water containing cercariae is agitated they immediately become 
very active. Under natural conditions this will occur in the proximity of their 
final host, so that agitation of the water probably stimulates the cercariae before 
any positive tropism becomes effective. It was noted that cercariae readily 
attacked and penetrated the rats, guinea-pigs and monkeys which were exposed 
to them, in spite of the fact that, as we have shown, rats are unpropitious hosts 
and guinea-pigs only less so; this suggests that cercariae of S. mansoni and 
S. haematobium will be attracted to and will penetrate any mammal whether a 
definitive host or not. Penetration is probably facilitated by the boring action 
of the spinous terminations of the cephalic ducts and by the secretion of the } 
cephalic glands, the latter almost certainly possessing a histolytic action and being 
responsible for the irritation and erythema following penetration. ‘The invasion 
of the skin is a very rapid process, usually occupying some 10 to 15 minutes, and 
as it proceeds the tail is lashed to and fro, being eventually cast off. ‘The 
subsequent development of the two species of trematode in their final host 
has been so thoroughly studied by other observers that no work was carried 
out on this subject during the present investigation. 
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PART IV 


THE EFFECT OF VARIATIONS IN TEMPERATURE UPON THE 
DEVELOPMENTAL STAGES OF S. MANSONI AND 
S. HAEMATOBIUM, AS OBSERVED IN P. PFEIFFERI 
AND P. GLOBOSA RESPECTIVELY. 


The world-wide distribution of animal schistosomiasis is in marked contrast 
to the very limited range of human schistosomiasis, which is for practical 
purposes confined to Africa, tropical South America and parts of China and 
Japan. Itis, of course, obvious that the primary essentials for the establishment 
of an endemic focus of the disease in any country or district is the presence 
of a final human host (we use the term ‘ human host’ since the presence of a 
non-human reservoir, such as that described by Cameron in 1928, does not, 
at the present time, appear to be of great practical importance) and the presence 
of one or more species of intermediate molluscan hosts. 

In Sierra Leone we have shown, so far as our investigations have gone, 
that only one species of snail (P. pfeiffer7) is responsible for the transmission of 
SS. mansoni and only one species (P. globosa) for the transmission of S. haemato- 
bium. We have also shown that each of these snails is capable of infection 
under laboratory conditions with the respective parasite, and furthermore that 
wherever the potential vector was observed the disease was also found to be 
present amongst the native population. It is evident, however, that in other 
parts of Africa the situation is more complex: not only may several species 
of snails be concerned in the transmission of each form of the disease, but the 
part played by each species may vary with the locality to such an extent that a 
species proved to be vector in one part of Africa may resist attempts at infection 
in some other part. 

It appears probable that a number of causes are responsible for the 
remarkable difference in susceptibility recorded by different writers for the same 
species of snail, and that no one factor can be regarded as of paramount 
importance. In a previous part of our paper we have shown that the failure 
of certain workers to infect P. globosa with S. haematobium cannot wholly be 
ascribed to the influence of temperature, but in the following account of the 
effect of temperature on the molluscan cycle of S. mansoni and S. haematobium 
we shall show that, although the extremes of temperature met with in West 
Africa are unlikely ever completely to inhibit the development of the schistosome 
parasite, yet they profoundly modify their rate of growth; and a study of 
intermediate temperatures allows us to ascertain the optimum temperature 
for the parasite, above or below which retardation of development results. 

Our attention was at first drawn by chance to the effect of temperature 
on the developmental cycles of S. mansoni and S. haematobium in P. pfetfferi 
and P. globosa respectively, during our early experiments in which we incubated 
snails, previously exposed to miracidia, at laboratory temperatures (i.e., 26° C. 





394 


to 28°C.). At this temperature we experienced no difficulty in infecting 
P. pfeifferi with S. mansoni nor in tracing the development of the parasite until the 
discharge of cercariae some three weeks later. When, however, at the end 
of this period, no cercariae had been discharged by the P. globosa exposed to 
S. haematobium miracidia, and dissection of some of the remaining snails revealed 
no evidence of infection, we came to the conclusion that our attempt to infect 
them at this temperature had been unsuccessful. In order to test whether 
too low a temperature had been the cause of this apparent failure we proceeded 
to repeat the experiment, but this time incubated the P. globosa at a constant 
temperature of 32°C. When this raised temperature was used we achieved 
success, the various stages of development being followed until the discharge 
of cercariae some three weeks after the first exposure. At this point, however, 
further examination of the survivors of the original batch of P. globosa which 
had been maintained at 27° C. showed that at this lower temperature the 
parasites were also developing, and that they eventually reached maturity in the 
snails some seven weeks from the start of the experiment; in short, the 
phenomenon was not one of inhibition of development but of retardation of 
development. 

This preliminary result impressed us with the importance of further 
investigating the extent to which changes in temperature would retard or 
accelerate the development of the schistosome in the mollusc, and at what 
point lowering or raising the temperature either would produce no further 
change in, or else would inhibit, the developmental cycle. ‘The investigation 
of these points would appear to be of some practical value in connection with 
the spread of the disease, and it is curious that a search of the literature has 
revealed no study of the influence of temperature on the developmental cycle 
of the human schistosomes in their snail vectors, although many interesting 
references are to be found in various scientific journals. Looss (1896), 
quoted by Leiper (1918), states that when the temperature in Egypt falls in 
winter to 5° C. or 6° C. the growth and multiplication of larval trematodes 
is sometimes wholly suspended, while in central Europe it is only retarded at 
this temperature. This statement is, however, contradicted by Manson-Bahr 
and Fairley (1920), who state that in Egypt throughout the winter months they 
observed growth and multiplication of larval trematodes, including S. mansoni 
and S. haematobium. Conor (1910) observed that in Tunis bilharziasis is 
acquired in certain thermal springs which have a temperature of from 28° C. 
to 45° C., while in neighbouring springs which had a temperature of 50° C. 
to 70° C. the disease was not acquired. Cort (1922) records that at temperatures 
of 14°C. to 17°C. the shedding of cercariae by infected snails was almost 
completely inhibited, and was only resumed when the snails were transferred 
to a higher temperature. Bettencourt and Borges (1922), in an account of 
schistosomiasis contracted in washing pools at Tavira in Portugal, state that 
infected snails were found in water at a temperature of 25° C., but that the 
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water in a neighbouring stream which was colder contained no snail vectors. 
These authors go on to suggest that there is an intimate connection between 
the development of S. haematobium and the temperature of the water. 

| In the experiments described in the account which follows, bred snails 
were exposed to infection with miracidia and then transferred to aerated 
aquaria maintained at the following temperatures :—aquarium I, 14° C. to 
15° C.; aquarium IT, 20°C. to 22°C.; aquarium III, 26°C. to 28°C.; 
aquarium IV, 32° C. to 33° C.; aquarium V, 35° C. to 36° C.; aquarium VI, 
37° C. ‘The temperature of 26°C. to 28° C. maintained in aquarium II is 
> referred throughout the text as ‘ normal temperature,’ since this temperature 
approximated most closely to that observed in nature in those water supplies 
in the Kabala district of Sierra Leone where schistosomiasis was endemic. 
The effects of these temperatures on the developmental stages of the parasites 
were studied in two ways. (1) A series of control dissections was made of the 
snails at regular intervals until such time as mature cercariae were observed 
to be present in the liver. We have tried various methods of simplifying the 
dissection technique, by clearing the snail in various fluids, but without success, 
and we have had to retain the old and laborious method of dissecting in turn 
each part of the anatomy of the mollusc. ‘This method necessitates an examina- 
tion of some 12 to 14 preparations of the various organs and occupies about one 
hour for each snail. (2) As soon as adult cercariae were noted for the first time 
, in the liver, the surviving snails were transferred to separate test-tubes and a 
record was kept of the date on which cercariae first emerged. 
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I THE EFFECT OF VARIOUS CONSTANT TEMPERATURES UPON 
THE DEVELOPMENTAL STAGES OF S. MANSONI IN P. PFEIFFERI 


The invasion of the snail by the miracidium and its growth prior to the 
formation of sporocysts has already been recounted. Since this stage of 
development appears to be but little altered by changes in temperature it will not 
be described in the accounts which follow. 

(1) The effects of temperatures of 26° C. to 28° C. (normal). Apart 
from tentacle infections with miracidia and the early developing sporocysts 
in them, the first record of infection was on the seventh day, when 
primary sporocysts were noted in the head, body, mantle and liver. At normal 
temperatures this sporocyst formation in the muscular tissue of the snail host 
continues to occur independently of the more advanced stages of development 
taking place simultaneously in the liver, so that it is not uncommon to find 
sporocysts present in all parts of the snail, including the head and tentacles, 
at a time when adult cercariae are also present in the liver. Although, at 
normal temperatures, sporocysts were thus found present in the liver as early 
as the 7th day, this was unusual, and more commonly the liver was not 
invaded until the 8th or 9th day. Cercarial formation was, of course, con- 
fined to the liver, in which organ immature cercariae usually made their 
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first appearance about the 16th day, although in some of our experiments 
they appeared as early as the 14th day. Mature active cercariae were first 
noted in dissections made on the 18th day, and the discharge of cercariae 
from infected snails usually took place from the 19th day onwards, the 22nd day 
representing the average time from infection to discharge. 

(2) The effects of raised temperatures of 32° C. to 33° C., 34° C. to 35° C. and 
37°C. At 32° C. to 33° C., the first non-tentacle infection was recorded on the 
6th day, when sporocysts were found present not only in the body but also 
in the liver. Immature cercariae, in six experiments at this temperature, 
were evenly divided in their first appearance in the liver between the 10th 
and 12th days, 1.e., spme four days ahead of the normal rate of development. 
This precocity in the cycle as a result of raising the temperature was continued, 
since mature cercariae were demonstrated by dissection not later than the 
14th day, and in half the observations on the 13th day ; while cercariae were 
first discharged, as observed in seven experiments, normally about the 15th day 
and in some instances as early as the 13th day. The effect of raising the tempera- 
ture by 5° C. or 6° C. was, therefore, to accelerate the developmental cycle by 
one-third, i.e., reducing the incubation period from 20 days to 15 days. 

At 35° C., most of our P. pfeifferi only survived for a short time, more than 
50 per cent. dying within 11 days, so that adequate figures for the later stages 
of the parasites’ development at this temperature are not available. Sporocysts 
first made their appearance, being present both in the body and liver, on 
the 7th day, and immature cercariae were first observed on the 12th day, 
mature cercariae being first seen in the liver (one observation only) on the 
15th day, and shedding of the cercariae occurring on the 16th and 17th days. 
This experiment is interesting since it shows that elevation of the temperature 
from 33° C. to 35° C., far from further accelerating development, exhibited 
a slight retarding effect, although the incubation period was still shorter than 
that observed at normal temperatures. 

Further elevation of the temperature to 37° C. always resulted in the death 
of the infected P. pfeifferi within eight days of their transference to an aquarium 
maintained constantly at this temperature. Dissections of snails made on the 
seventh day from the date of infection, however, revealed only primary 
sporocysts in the body, with no involvement of the liver, so that it would appear 
that all the accelerating effect of raised temperatures is lost once the temperature 
is increased beyond 33° C. 

(3) The effects of lowered temperatures of 20° C. to 22° C. and 14° C. to 15° C. 
In the cool aquaria at 20° C. to 22° C., conditions were exactly the same as 
in the raised temperature aquaria, while in the aquarium maintained at 14° C. 
to 15° C. the conditions were also similar except that, owing to certain mechanical 
difficulties associated with extempore apparatus, this aquarium had to be installed 
in a closed ice chest and in consequence received practically no light during the 
course of the experiment. 
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We have shown that elevation of the temperature above normal was 
associated with an acceleration of the developmental cycle, and the following 
experiments similarly prove that a lowering of the temperature to below normal 
produces a retardation in the rate of growth at all stages of development. 
In aquaria kept at about 22° C. regular dissections did not reveal sporocysts 
until the 12th day, at which time they were observed in the muscular tissue of the 
body of the snail. Immature cercariae were first seen in the liver after 29 days’ 
incubation at this lowered temperature, mature cercariae not appearing until 
in one instance the 3lst day, and in the other the 35th day. Cercariae were 
discharged on the 33rd to the 37th day, the greatest number of snails examined 
first discharging on the 35th day. Surprising as it may seem, an average 
difference of less than one degree, maintained throughout the whole incubation 
period between two aquaria running at this lowered temperature, was reflected 
in a slight but consistent lag in the rate of the development of the parasites 
in the snails kept at the lower temperature. 

In our lowest temperature aquarium—that at 14°C. to 16° C.—no 
evidence of developing infection was observed until the 56th day, when very young 
sporocysts, present in the head and mantle, were seen for the first time. During 
this period we might have thought that the original miracidial invasion had 
perished, were it not for the fact that snails removed from this cold aquarium 
on the 12th day following exposure and placed in a heated aquarium at 32° C, 
were found to be infected with sporocysts when examined 12 days after their 
transfer, thereby proving that the infection had at least survived, if it had not 
developed, after 12 days at 15°C. From the 67th day onwards, the snails, 
which up to this time appeared to be healthy, commenced to die off. Of the 
60 snails originally placed in the 14° C. aquarium, eight have survived to the 
present time, a period of 96 days ; none of these has been observed to discharge 
cercariae and one, which was dissected on the 96th day from the date of exposure, 
showed no signs of infection. Judging by these results and by the very slight 
development which had taken place during the first two months of incubation, 
it appears probable that S. mansoni is unable to complete its cycle in P. pfetfferi 
at 15° C. 

The effect of lowering the temperature by 5 degrees centigrade below 
normal was, therefore, to lengthen the cycle by nearly doubling its incubation 
period in the snail host, i.e., by increasing the period from some 20 days to some 
35 days, while the effects of lowering it by a further 6 degrees centigrade (i.e., 
to some 15 degrees below normal) was to retard the cycle, apparently, 
indefinitely. 

Il. THE EFFECT OF VARIOUS CONSTANT TEMPERATURES UPON 


THE DEVELOPMENTAL STAGES OF S. HAEMATOBIUM 
IN P. GLOBOSA 


It will be shown in the account which follows that the developmental 
cycle of S. haematobium in P. globosa is, at all temperatures, relatively slow as 
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compared with S. mansoni in P. pfeifferi. Whether this slow development 
is an inherent characteristic of this species of schistosome, or is produced by 
the influence of the particular vector studied, P. globosa, we are unable to say. 
In our experiments not only was the growth of S. haematobium in P. globosa 
intrinsically slower than that of S. mansonz in P. pfeifferi, but it will be remembered 
that we also found its development in the final host to be relatively slower. 
On the other hand, Archibald and Marshall (1932a and 6) found that S. haemato- 
bium developed in B. truncatus in a rather shorter time (some 50 days) than did 
S. mansoni in P. alexandrinus when, so far as can be gathered, their experiments 
were conducted under similar conditions. ‘These observations would suggest 
that the species of molluscan host in our experiments was responsible for the 
difference in the lengths of the incubation periods in the two species. 

(1) The effects of temperatures of 26° C. to 28° C. (normal). It 
is certain that at this temperature S. haematobium follows a_ similar 
sequence of stages of development in P. globosa to that of S. mansoni in P. pfeiffert; 
but in the early stages of sporocyst formation in the body of the snail, the number 
of developing forms are so few at this temperature in comparison to the 
relatively huge bulk of muscular tissue that, in spite of many weeks of careful 
dissection, we could record no positives until the parasites reached the liver. 
Our first record of positive findings by dissection (apart, of course, from the 
first 48 hours of development already described in Part III) was between the 
29th and 34th days, when primary sporocysts were seen in the liver. Within a 
few days of the time of invasion of the liver by primary sporocysts all stages 
of cercarial development, including adult forms, were to be found, and cercariae 
were normally discharged by the snails from the 36th day onwards. 

(2) The effects of raised temperatures of 32°C. to 33° C., 34° C. to 35° C. and 
37° C. Much of our routine work regarding the development of S. haematobium 
in P. globosa was carried out 1n aquaria constantly maintained at a temperature 
of 32°C. to 33° C., the rapidity with which the cycle developed and the low 
death rate amongst the snails rendering it specially suitable for obtaining a 
constant supply of cercariae and for furnishing adequate figures regarding their 
early stages of development. ‘The first evidence of infection amongst snails 
kept at 32° C. was noted on the 13th to 16th days, when Type II sporocysts 
were found to be present both in the body and the liver. Subsequent dissec- 
tions revealed adult cercariae in the liver for the first time in one experiment 
on the 20th day, and in another experiment on the 21st day. ‘The remaining 
snails were then, as in previous experiments, transferred to separate test-tubes 
where the natural emergence of cercariae was found to occur in the great 
majority of instances on the 23rd to the 24th day, one snail discharging as early 
as the 22nd day and none later than the 28th day. Since our positive dissection 
findings during the early stages of development at 27° C. were so scanty, we 
must limit our comparison of the effect of this elevation of temperature to the 
date on which discharge of cercariae first occurred. When this is done it will 
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be seen that an elevation of temperature of 5 degrees centigrade (27° C. to 32° C.) 
reduced the total incubation period in the snail from 36 to 23 days, that is to say, 
the incubation period was shortened by one-third. 

At 35° C., primary sporocysts and ‘Type II sporocysts were found scattered 
throughout the anatomy of the snail on the 18th day, being at that time 
simultaneously present in the tentacles, body and liver. ‘l'wenty-four hours 
later the distribution was similar, but immature cercariae were in addition present 
in the liver, the latter assuming the adult form two days later, 1.e., 21 days from 
the date of infection. Although a single snail, out of ten which were eventually 
shown to be positive, shed cercariae on the 22nd day, the majority of the snails 
did not discharge cercariae until the 27th and 28th days. 

At the highest constant temperature employed (37° C.), infected P. globosa 
survived longer than did P. pfeifferi, but this temperature always proved fatal 
in the end, the majority of the snails dying within nine days. At this tempera- 
ture, dissections made at short intervals did not reveal any infection until the 
16th day, when sporocysts were found present in the body, but not in the liver, 
in which latter situation they were not observed until two days later, when 
all three types of sporocysts were present in scanty numbers. Owing to the 
death of all the snails by the 19th day, the final stages of development could not 
be studied. 

These observations at 35° C. and 37° C. do not show any acceleration 
of the developmental cycle and suggest that, as in the case of S. mansoni in 
P. pfeifferi, 32° C. to 33° C. represents the optimum temperature for the rapid 
development of S. haematobium in P. globosa. 

(3) The effects of lowered temperatures of 20° C. to 22° C. and 14° C. to 15°C. 
Amongst the P. globosa exposed to the miracidia of S. haematobium and 
subsequently incubated at 20° C. to 22° C., no evidence of infection was observed 
in the routine dissections of the snails made up to the 25th day, on which date, 
in order to observe whether the original infection had survived, we transferred 
a few of the snails to an aquarium at 32°C. ‘These control snails showed 
sporocysts in the body and liver 13 days from the date of their transfer, adult 
cercariae on the 19th day, and they discharged cercariae on the 20th day, thereby 
proving that, in spite of our previous negative dissection results, the infection 
had survived 25 days at 22°C. In addition, the experiment suggested that 
some development must have taken place during incubation in the cold, for 
normally at 32° C. cercariae are not discharged until 23 days, whereas these 
snails discharged cercariae within 20 days of their transfer—which surmise 
was later shown to be correct by the following findings. Dissections of the 
remaining P. globosa constantly kept at 20° C. to 22° C. remained negative until 
the 45th day, when infection was found present in the form of sporocysts 
distributed throughout the muscular tissue and the liver. Immature cercariae 
were constantly found present from this date until the 66th day, when adult 
cercariae were seen in dissection for the first time. When this was noted we 
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transferred, as in all previous experiments, the snails to individual test-tubes 
to observe cercarial shedding, but, in order to assure ourselves that the actual 
emergence of cercariae took place at this low temperature, a control batch of 
these snails continued to be incubated at 22°C. Both batches of snails emitted 
cercariae, and no difference was observed in the dates on which this took place. 
Of the 24 snails which finally discharged cercariae after incubation at this tem- 
perature, 21 emitted cercariae for the first time between the 66th and the 68th 
day. ‘That at this temperature development may be even more prolonged 
is shown by the fact that a snail which had not discharged cercariae after an 
observation period of 73 days was found to be positive on dissection. 

Our final experiment at 14° C. was planned on the same lines, except 
that daylight was excluded from the aquarium during the greater part of the 
experiment. Fifty P. globosa were exposed to S. haematobium miracidia and 
then transferred to an aquarium kept at 14° C. to 15° C., although on two occa- 
sions the temperature fell as low as 12°C. ‘This temperature proved inimical 
to the snails, all of which died within 45 days of their transfer. After 12 
days’ incubation at 14° C., four of the snails were transferred to a warm aquarium 
(32° C.), in order to ascertain whether the previous low temperature had killed 
the parasite or had merely retarded its growth. Dissections of snails in the cold 
aquarium up to the 45th day proved negative, but prior to this time dissection 
of one of the control snails from the warm aquarium showed the presence of 
adult cercariae in its liver, thereby proving that 12 days’ incubation at 14° C. 
had not killed the parasite. We have already shown that this period of develop- 
ment, i.e., from penetration of the miracidium to the appearance of adult 
cercariae in the liver, usually occupies 20 to 21 days at 32° C. ; since in the above 
experiment adult cercariae were not observed in the liver till the 21st day, it 
follows that little or no development can have taken place during the 12 days’ 
incubation at 14° C. 

These experiments with P. globosa infected with S. haematobium and 
subsequently incubated at temperatures below normal prove that lowering the 
temperature to 21° C. (i.e., some 5 degrees below normal) results in the incuba- 
tion period being doubled. The results obtained from the experiment at 
14° C. (i.e., some 12 degrees below normal) are inconclusive, but they suggest 
that little or no development occurs at this temperature. 

The effects of variations of temperature on the incubation period, from 
exposure until discharge of cercariae by infected snails, is best seen when the 
results of the various experiments are graphed. This has been done in the 
accompanying diagram, graph A representing the results obtained in a series 
of 16 experiments at different temperatures with P. pfeifferi infected with 
S. mansoni, and graph B the results of 8 experiments with P. globosa infected 
with S. haematobium. Each point on the graph represents the result of one 
experiment with a number of infected snails, and it has received its position 
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Graph showing the duration of the developmental cycle of S. mansoni in P. pfeifferi (graph A, 
continuous line, recording 16 experiments) and that of S. haematobium in P. globosa (graph B, 
dotted line, recording 8 experiments), at various temperatures. 





402 


on the abscissa by averaging all the temperatures* (which were taken twice daily) 
during the period of incubation up to cercarial discharge, and on the ordinate 
by averaging for each experiment the number of days’ incubation until discharge 
amongst the snails, the average number of snails emitting cercariae in each experi- 
ment over the whole series being 15 in the case of P. pfeifferi and 14 in the case 
of P. globosa. ‘The results of the experiments at 15° C. and 37° C. have not 
been graphed, since the early death of the snails at these temperatures rendered 
the final figures inadequate. 

The graph demonstrates that 32° C. to 33° C. represents the optimum 
temperature for the rapid development of S. mansoni in P. pfeifferi and of 
S. haematobium in P. globosa, and that any change of temperature to above 
or below this point retards the rate of development. ‘The graph also shows 
that at any given temperature the cycle of development of S. haematobium 
in P. globosa is slower than that of S. mansoni in P. pfeifferi, and, further, that 
alteration of the temperature has more effect on the cycle in P. globosa than on 
the cycle in P. pfeiffert. ‘Vhis latter point is shown by the fact that, whereas 
decreasing the temperature from 32° C. to 21° C. only increased the duration 
of the cycle in P. pfeifferi from 15 to 35 days, the same drop in temperature 
increased the cycle in P. globosa from 23 to 67 days, 1.e., a ratio of approximately 
1: 2-3 in the case of P. pfeifferi, and in the case of P. globosa a ratio of 1: 2-9. 
As we have already stated, we are unable to say whether this difference in the 
length of the incubation period and in the effects of variations in temperature 
is directly due to some intrinsic difference in the two schistosomes during 
their larval stages, or is to be attributed to a difference in the influence of the two 
snail vectors upon the parasitic cycle in them, at normal and varied temperatures. 

What evidence is afforded by the literature in regard to this question would 
suggest that different molluscan hosts effect differently the duration of the 
incubation period of their specific schistosome parasite. 

We have already shown that a lowering of the water temperature to some 
14° C. almost completely inhibits the development of S. mansoni and S. haemato- 
bium in their respective hosts, and it appears probable that a further small 
reduction might completely inhibit growth. We have not attempted any 
experiment to test the effect of this temperature on stages of the parasite which 
have already partially developed in the snail at higher temperatures, and it is 
possible that if this is done their further development may be inhibited. If 
this is so, it would explain the apparent contradiction between the observations 
of Looss (1896) and Manson-Bahr and Fairley (1920), the former finding 
complete inhibition of development in snails in Egypt during the cold months, 
while the latter found evidence of development. ‘The observations of Manson- 
Bahr and Fairley may have been made on snails in which partial schistosome 





*In practice the aquarium temperatures remained very constant, never varying more 
than 1-5° C, throughout the course of any one experiment, except in the aquarium at room 
temperature, in which a variation of as much as 3° C, was recorded. 
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development had taken place before the inhibiting effect of the lowered 
temperature had begun to operate. 

In discussing the effects of variations in temperature upon the develop- 
mental stages of S. mansoni and S. haematobium in their respective hosts, we 
have confined ourselves to their effect on the duration of the incubation period. 
Other effects, however, were observed—in particular, a striking difference in 
the number of sporocysts to be found on dissection of snails incubated at 
different temperatures. Whereas at 33° C. the migrating sporocysts in infected 
P. pfeifferi could be counted in tens, at 20° C. to 22° C. they could be counted 
in hundreds. ‘This suggests that, owing to the slow migration of sporocysts 
to the liver at low temperatures and the slow formation of cercariae in the liver, 
time is allowed for the formation of a much larger number of sporocysts, while 
at higher temperatures there is a much greater tendency to rapid migration 
and the early formation of ‘l'ype III sporocytes and cercariae. We are not 
prepared to say how far this may affect the period of cercarial discharge, but 
it would appear that little difference in this respect will be noted as a result 
of variation in temperature, for our observations, though few in number, 
suggest that, in the vast majority of instances, a snail once infected remains 
so for at least several months, and quite possibly for the remainder of its life. 
This belief was supported by the finding of sporocysts still present in the 
tentacles of dissected snails when adult cercariae were present in the liver. 
Another apparent effect of reduced temperatures was to be seen in the number 
of cercariae discharged. It has already been stated that on the first day of 
discharge the number of cercariae emerging from the snail was very small, 
usually some five or six, and rarely more than ten. At 21° C. the number 
emerging on the first day of discharge was higher than this, in several instances 
as high as 50. This is probably to be associated with the greatly increased 
sporocyst production noted at this temperature as compared with higher 
temperatures, with consequent increase of the number of cercariae reaching 
maturity at the same time. 











404 


SUMMARY 


1. An account is given of the distribution of S. mansoni and S. haematobium 
in Sierra Leone. It is probable that the latter disease has only occurred in 
endemic form in the Colony during comparatively recent years. 

2. S. mansoni infection is more common amongst adult native women 
(29-5 per cent.) than amongst children (21-1 per cent.) or adult males (11-9 per 
cent.). Local native customs probably account for this difference. 

3. Some 10,000 freshwater snails were collected in the Kabala district of 
Sierra Leone. ‘The proportion of the different species found is recorded. 

4. More than 3,000 snails of different species were dissected. Cercariae 
of the human type were found only in two species, P. pfeifferi and P. globosa. 
An account is given of the proportion of snails belonging to these two species 
found to be harbouring human type cercariae in different localities in the 
Kabala district. 

5. Animals were infected with cercariae of the human type obtained from 
P. pfeifferi and P. globosa found naturally infected in the Kabala district. Adult 
S. mansoni and S. haematobium, respectively, were subsequently recovered from 
these animals at autopsy. 

6. Attempts were made to infect bred specimens of P. pfeifferi, P. globosa 
and L. elmeteitensis with the miracidia obtained from cases of S. mansoni and 
S. haematobium infection. P. pfeifferi proved to be susceptible to infection 
with S. mansoni, but not to infection with S. haematobium. P. globosa proved 
susceptible to infection with S. haematobium, but not with S. mansoni. 
L. elmeteitensis proved resistant to infection with either species. 

7. Bred specimens of P. pfeifferi and P. globosa were infected with the 
miracidia of S. mansoni and S. haematobium, respectively, which had been 
obtained from (a) human cases of disease, (b) animals which had developed 
the disease as a result of previous exposure to cercariae obtained from snails 
found naturally infected with human type cercariae at Kabala. The resultant 
cercariae were then used to infect a further series of laboratory animals, and 
these, at the subsequent autopsies, were found to harbour typical adult male 
and female S. mansoni or S. haematobium, according to the species of snail 
used. 

A study of these two strains, from (a) and (b) above, at all stages of 
development from egg to adult worm, revealed no differences, either in their 
biology or in their morphology. 

8. A detailed description is given of the development of S. mansoni and 
S. haematobium in their respective hosts, P. pfeifferi and P. globosa. 

9. A study of the morphology of the cercariae of S. mansoni and S. haemato- 
bium failed to reveal any points of difference. A technique for selectively 
staining the anterior cephalic glands is described ; by the use of this and other 
methods it is shown that both S. mansoni and S. haematobium possess four 
anterior and six posterior cephalic glands. | 
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10. ‘The life-cycle and ecology of P. pfeifferi and P. globosa, from egg to 
adult snail, is described. A study was made of the distribution of P. pfetfferi 
and P. globosa, and it was noted that both species of snail occurred in larger 
numbers in the native bathing pools than in the less frequented portions of the 
streams. Measures known to be successful in eliminating P. globosa from 
streams have so far proved useless in the case of P. pfeiffert. 

11. P. pfeifferi and P. globosa, infected respectively with S. mansoni and 
S. haematobium, were incubated in specially constructed aquaria kept at certain 
constant temperatures. ‘The result of these experiments was to show that the 
optimum temperature for rapidity of development of both S. mansoni and 
S. haematobium in their respective hosts is 32° C. to 33° C., and that changes 
of temperature above or below this point retard development. At all tempera- 
tures the rate of development of S. haematobium in P. globosa is slower than that 
of S. mansoni in P. pfeifferi, and any alteration of temperature has a more marked 
effect on its cycle than on that of S. mansoni. 

12. ‘The observations recorded in this summary only refer to Sierra Leone, 
but it is suggested that most of them will be found to apply equally to other parts 
of West Africa. 
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APPENDIX 
Technique employed in the experiments 


Certain discrepancies exist in the published accounts of the morphology and biology 
of the developmental forms of both S. mansoni and S. haematobium, as observed by various 
authors in different parts of the world. Some of these differences of opinion would appear 
to be due to the fact that the writers of the articles in question have not given sufficient 
details regarding their technique to enable subsequent workers to repeat their experiments. 
The following account of the technique employed by us in the course of our experiments 
is, therefore, given in some detail, in the hope that it may prove of assistance to other 
workers in the tropics. 


I. METHOD OF TRANSPORTING LIVE SNAILS 


Snails were usually sent from the up-country station to the laboratory in Freetown in 
thermos flasks filled with water previously cooled to below 20° C.; in order to prevent 
bumping, it is advisable completely to fill the flask with water. An alternative method was 
to send the snails by post tightly packed in almost dry grass ; although P. pfeifferi survived 
long journeys when thus packed, the mortality amongst the P. globosa similarly treated was 
very high. Blackie (1932) describes a method by which snails are partially dried and then 
packed in slightly damp sand. This method would probably prove the most satisfactory, 
but, at the time of our early experiments, we had not access to Blackie’s publication. 


II. METHOD OF BREEDING SNAILS 


The method about to be described was applied with success to the breeding of the 
following four species of snails :—P. pfeifferi, P. globosa, L. elmetettensis and Ferrissia sp. 

Wild specimens of the snails from the infected area were sent to the laboratory in 
Freetown by one of the methods mentioned above ; on arrival, those which had survived 
the journey were transferred to one of the outdoor aquaria. ‘These consisted of 50-gallon 
wine casks sawn in halves and specially coopered to prevent leaking ; in addition, the casks 
were provided with an overflow hole protected with fine wire gauze, in order to prevent 
the snails from being washed out of the tub during heavy rain or when the water was being 
changed. ‘The tubs were placed in an open-air enclosure under dense shade of trees ; 
they were then half filled with stones and a thick layer of mud was added to bring the ground 
level to within about four inches of the top of the cask. On this mud was planted a number 
of water-plants which acted as shelter for the snails but not as food supply, which was given 
daily in the form of lettuce leaves. 

During the dry season it was found necessary to change the water every second day, 
the water being syphoned off and replaced with stored rain water. In the rainy season 
it was found unnecessary to renew the water. 

The wild snails, when received at the laboratory from the up-country station, were 
placed in a tub apportioned off from the other tubs, and when young snails made their 
first appearance they were transferred to one of the other uninfected breeding tubs. 

When exact observations were required regarding oviposition and the subsequent 
early stages of development of the snails, the breeding experiments were carried out in 
the indoor aerated aquaria described in the next paragraph. 


III. DerscRIPTION OF THE AQUARIA IN WHICH INFECTED SNAILS WERE INCUBATED AT THE 
REQUIRED TEMPERATURE 


As has already been recorded, the bred snails after exposure to miracidia were kept 
in aerated aquaria maintained at various temperatures. In experiments where it was 
necessary constantly to keep the snails at temperatures higher than those normally pre- 
vailing in the laboratory, the following extempore apparatus was employed :— 

A wooden kerosene case was completely lined with thin sheets of asbestos, the front 
of the case being provided with two doors similarly lined with asbestos. Two rectangular 
holes were cut in the top of the case, and through these were lowered two rectangular 
glass museum-jars supported by metal strips adjusted so as to keep the tops of the jars 
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flush with the holes in the case. Water-weeds were planted in a mixture of mud and stones 
at the bottom of the jars and, after these had been filled with filtered water, a constant 
stream of air was bubbled through the aquaria by means of the apparatus shown in the 
diagram. Emptying of the aquaria for any purpose was easily accomplished by inserting 
a rubber tube (protected at the end by fine wire gauze) into the aquarium and connecting 
the other end with the exhaust part of the Spreng! pump, a ‘ wash bottle ’ being introduced 
between the aquarium and the pump to receive the water drawn off. The source of heat 
was an electric bulb placed in the bottom of the box under the aquaria and connected up 
with the main supply. Electricity is not essential and an oil lamp may be used. In those 
experiments where the temperature was not maintained above 33° C., regulation of the 
temperature was obtained by inserting asbestos shutters between the lamp and the bottom 
of the aquaria, the highest temperature being, of course, obtained when the asbestos shutter 
was completely withdrawn. When constant temperatures higher than 33° C. were required, 
it was found essential to fit a safety device to the source of heat, for at 37° C. the P. pfeifferi 
perished rapidly. This safety device was made by passing the current through a ‘ mercury 
cut-out ’ placed inside the box containing the aquaria and connected with a ‘ gas capsule ’ 
similar to those used in a bacteriological incubator. When 37° C. was approached, the 
capsule expanded and cut off the current from the lamp. 

When a constant temperature lower than that prevailing in the laboratory had to be 
maintained, the aquaria were enclosed in a specially made ice-chest. The air-supply 
necessary for the aeration of these cold aquaria was obtained by inflating a large ‘ inner 
tube,’ of the type employed on motor lorries, and connecting the valve by means of rubber 
tubing with a fine glass pipette inserted into the water of the aquarium, the current of air 
being regulated by a ‘ pinch cock.’ The same aeration device was employed in all our 
‘ up-country ” experiments, where a constant water supply was not available. It proved 
a useful device, since, if properly adjusted, a large ‘ inner tube’ will supply a constant 
stream of air for between 12 and 18 hours. 


IV. METHODS EMPLOYED FOR (a) OBTAINING AND ESTIMATING MIRACIDIA, (b) INFECTING 
BRED SNAILS, (c) OBTAINING AND ESTIMATING CERCARIAE 


A description of these methods has already been given in the text of the paper. 


V. DESCRIPTION OF THE MEDIA, FIXATIVES AND STAINS USED IN STUDYING THE DEVELOP- 
MENTAL CYCLE OF S. mansoni AND S. haematobium 


(1) Examination of live cercariae. Living cercariae were examined in the usual way 
by transmitted light except when it was desired to study the sensitive hairs described in 
Part III, in such instances dark ground illumination being necessary. 

The cercariae were studied under a cover-slip immersed in one of the following fluids :-— 
in water, in 0-5 per cent. saline, in 0-9 per cent. saline, in a very weak solution of gum, 
or in serum. The three vital stains which gave the best results were neutral red, brilliant 
cresyl blue and alizarin, the stains being dissolved in one of the four media (usually water) 
just mentioned. Numerous other vital stains were tried, but these three were the only 
ones which gave satisfactory results. Neutral red was used for staining the gut caecae, 
brilliant cresyl blue for studying the excretory system, and alizarin for staining the anterior 
glands. Lithium carmine is a selective strain for the posterior glands, but since it only 
commences to stain when the cercariae is on the point of death it cannot be regarded as a 
vital stain. 

(2) Fixation of cercariae. Hot or cold solutions of the following gave the best results :-— 
(a) 5 per cent. neutralized formalin in normal saline ; (6) 75 per cent. alcohol ; (c) immobi- 
lizing the cercariae in an extended position by heating the water in which they were swimming 
and then fixing them by the addition of cold alcohol or formalin ; (d) washing in serum, 
partially drying on a slide and then fixing with hot alcohol ; (e) Bouin ; (f) lactophenol ; 
(g) saturated mercuric chloride. 

(3) Staining of fixed cercariae. 'The selective stains used were :—(a) lithium carmine, 
(b) gBest’s alum_,carmine, (c) alizarin, (d) borax carmine, (e) Delafield’s haematoxylin, 
(f) acetic acid alum carmine, (g) methyl green pyronin, (h) dilute carbol fuchsin. As a 
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counter-stain we used 1 per cent. eosin or 1 per cent. brilliant green, according to the 
background required. 

(4) Mounting permanent preparations of cercariae. For general purposes the most 
satisfactory technique was found to be that described to us by Dr. H. Vogel. The fixed 
and stained cercariae are centrifuged and the dye is replaced by a series of water washings. 
They are then passed through a series of ascending grades of alcohol and finally two changes 
of xylol ; the various changes of fluid can be accomplished without losing any of the cer- 
cariae, by placing the cercariae in small agglutination tubes and spinning them down 
between each change of fluid. After the final clearing in xylol, the cercariae are again 
centrifuged and the supernatent fluid pipetted off; the sedimented mass of cercariae is 
then distributed amongst drops of Canada balsam or damar on glass slides and a cover-slip 
is dropped on to each preparation. 

Archibald and Marshall’s (1932a) method of mounting in lactophenol gum media 
proved satisfactory for mounting unstained cercariae or cercariae stained with borax 
carmine ; it does not appear capable of being used with any of the seiective gland stains 
that we have described. ‘These preparations and certain other fluid media used, such as 
5 per cent. neutralized formalin in normal saline and mounts in 5 per cent. glycerine, require 
to be sealed, and for this purpose we found that a mixture of melted rubber and paraffin 
wax gave satisfactory results. 


VI. DESCRIPTION OF SPECIAL TECHNIQUES USED 


(1) Method of making permanent preparations of the anterior glands. Very beautiful 
preparations of the anterior glands may be obtained by staining the cercariae alive in a 
saturated solution of alizarin, and after death by mounting under a cover-slip in 5 per cent. 
glycerine ; such preparations, however, always decolourize very rapidly, usually within a 
few hours. The preparation of permanent specimens is difficult, and even when the 
greatest care is exercised only a few cercariae out of each batch mounted retain the stain 
permanently. The following technique was found to give the most consistent results :— 
(a) A saturated solution of alizarin is prepared by boiling the dye in water, which is then 
cooled and filtered. 'The cercariae are added alive to the solution and examined under a 
low power of the microscope until the maximum staining of the glands has occurred, 
usually in about 20 minutes. (6) Centrifuge. Remove supernatent fluid. Add water. 
Centrifuge. Remove supernatent fluid. (c) Add serum (human serum to which one drop of 
5 per cent. formalin has been added for every 3 c.cm. of serum). Mix. Centrifuge. 
Remove supernatent fluid. Add fresh serum. Centrifuge. Remove supernatent fluid. 
(d) Place minute drops of the sediment on cover-slips. Spread over the cover-slip with 
the point of a needle. (e) Allow to become just dry, but only just. (jf) Place cover-slips, 
film surface upwards, in a petri dish. Heat iodine crystals in a test-tube till vapour rises 
and pour the vapour over the cover-slips. Cover the petri dish and allow iodine vapour 
to act for two minutes. (g) Hold cover-slip, film upwards, in forceps, pour on a drop of 
boiling 70 per cent. alcohol and at once transfer to :—(h) Alcoholic eosin 1 per cent. in 
absolute alcohol (this is only a counter-stain). Stain in this for 15 seconds. (7) Wash twice in 
absolute alcohol and then twice in xylol, giving 15 seconds to each wash. (7) Mount in 
a drop of balsam or damar on a slide. 

(2) Method of making permanent preparations of the posterior glands. Kill and fix the 
cercariae by the addition of hot 5 per cent. neutralized formalin in normal saline, or else 
by the addition of hot Bouin. The following changes of fluid are then made, using the 
centrifuge technique already described :—Wash twice in water. Stain for 12 to 18 hours 
in lithium carmine, using one part of lithium carmine to three parts of water. Wash twice 
in water. Counter-stain with a 1 per cent. aqueous solution of brilliant green for 5 to 10 
minutes. Wash twice in water. Pass through ascending grades of alcohol. Wash twice 
in xylol. Mount in Canada balsam or damar. 

(3) Method of making preparations showing simultaneous staining of the anterior and 
posterior glands. 'The method about to be described produces results similar to those 
illustrated in figs. 3 and 4 of the accompanying coloured Plate, but such preparations lose 
their stain after a few hours and satisfactory permanent preparations can only rarely be 


made. 
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Add the live cercariae to a one-in-three aqueous solution of lithium carmine. Examine 
under the low power of the microscope until the posterior glands are strongly over-stained. 
Add a few drops of a saturated solution of alizarin in | per cent. lithium carbonate to es 
lithium carmine solution in which the cercariae are staining. When ‘ double staining ’ 
complete, either examine direct or mount in balsam, using the serum technique caaabied 
for obtaining permanent preparations of the anterior glands. 

(4) Method of making permanent preparations of the sensitive hairs. 'These hairs appear 
to be very delicate structures and are easily shed by the cercariae. It is essential, therefore, 
to select newly hatched cercariae and to subject them to as little rough usage as possible 
during the process of staining. ‘The best results were obtained by adding dilute carbol 
fuchsin to the water containing the cercariae, until the dilution corresponded to one part 
of carbol fuchsin to 100 parts of water. When examination with the microscope shows 
that the hairs are sufficiently stained, the cercariae should be transferred as gently as 
possible to a drop of 5 per cent. neutralized formalin in normal saline, a cover-slip applied 
and the preparation sealed with melted wax. 


VII. METHODS EMPLOYED TO STUDY THE DEVELOPMENT OF THE SCHISTOSOMES IN THEIR 
INTERMEDIATE SNAIL HOSTS 


(a) By direct dissection. "The routine dissection of the snails was a tedious process 
requiring about one hour for each snail. The shell was cracked and the animal removed 
entire. ‘The reproductive system, digestive system, respiratory system and muscular tissue 
were then removed under the dissecting microscope, and cover-slip preparations made of 
each system for further examination under the higher powers of the microscope. The 
earliest stages of development are best studied in the tentacles. For this purpose we hyper- 
infected a number of snails with miracidia and selected for examination those specimens 
in which numerous miracidia had been observed to penetrate the tentacles. When required 
for examination the snail was dropped alive into hot fixative, the expanded tentacles snipped 
off, stained with dilute pyronin green or dilute carbol fuchsin, passed through ascending 
grades of alcohol, cleared, and mounted under pressure in Canada balsam. 

(b) By means of serial sections. ‘The snails are best fixed by dissecting them out alive 
and dropping the animals into hot 5 per cent. neutralized formalin in normal saline. It is 
important to see that no particles of shell are left behind, as these will damage the razor, 
and, for the same reason, the stomach and its contained particles of grit should be removed. 
The method adopted for staining the paraffin sections was as follows :—Remove paraffin 
and take sections down to water. Stain with Delafield’s haematoxylin for as long as experi- 
ence shows to be necessary (in the case of the stain used by us, one and a half minutes 
with a one-in-four dilution was found to give the best result). Wash stain off and blue with 
‘Scott’s 'Tap-Water Substitute ’ for 15 seconds ; wash in distilled water. Take through 
ascending grades of alcohol to 90 per cent. and then stain with 1 per cent. alcoholic eosin 
for 45 seconds. Decolourize with absolute alcohol until required degree of differentiation 
is attained, clear and mount. "This technique gave clear eosin staining of the anterior 
glands and slatey-blue staining of the posterior glands, as shown in fig. 5 of the coloured 


Plate. 


VIII. METHOD OF MOUNTING ADULT SCHISTOSOMES 


The live worms removed at the autopsy were washed by being repeatedly shaken up 
in normal saline. ‘They were then allowed to sediment, the excess of fluid was removed 
and the worms were fixed by the addition of hot Bouin. After a few hours’ fixation they 
were transferred to 50 per cent. alcohol. ‘To obtain differential staining we used acetic 
acid alum carmine (5 per cent.) and allowed the stain to act for 18 to 24 hours, subsequently 
decolourizing with 0-5 per cent. acid alcohol. Other stains used were acid haemalum 
5 per cent. and haematoxylin 1 per cent. 

The worms when fixed and stained were dehydrated, cleared, and mounted in Canada 
balsam in the usual way. 
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EXPLANATION OF PLATE V 


Cercaria of S. mansoni discharged by P. pfeifferi, stained alive 
in a saturated solution of alizarin, showing the number and 
arrangement of the anterior cephalic glands and their ducts. 


Cercaria of S. mansoni discharged by P. pfeifferi, fixed in hot 
5 per cent. formalin, stained lithium carmine, and counter- 
stained brilliant green, showing the number and arrangement 
of the posterior cephalic glands and their ducts. 


Cercaria of S. mansoni discharged by P. pfeifferi, stained with 
alizarin and lithium carmine, showing the number and arrange- 
ment of the cephalic glands, as seen in dorso-ventral view. 


Cercaria of S. mansoni discharged by P. pfezfferi, stained with 
alizarin and lithium carmine, showing the number and arrange- 
ment of the cephalic glands, as seen in lateral view. 


Reconstruction of the four critical sections of a S. haematobium 
cercariae in the liver of P. globosa, stained haematoxylin and 
eosin, showing the number and arrangement of the cephalic 


glands. 
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EXPLANATION OF PLATE VII 


Showing stream at Kabala below washing place No. II, 
before clearing. 


Showing stream at Kabala below washing place No. I], 
after clearing. ‘This clearing, unlike the effect obtained 
in P. globosa-infested streams, failed to reduce the num- 
ber of snails. 


Acroceras zizanioides (H. B. K.) Dandy. P. pfeifferi is 
frequently found on this water-plant, which is very 
common in streams in the Koranko country of Sierra 
Leone. 


Heleochamis fistulosa (Poir.) Link. Another common water- 
plant on which P. pfeifferi is often found. 
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THE ROLE OF THE NATURAL DEFENCE 
FORCES IN THE EVOLUTION OF THE DRUG- 
RESISTANCE OF TRYPANOSOMES 


I.—A METHOD FOR THE EXCLUSION OF THE NATURAL 
DEFENCE MECHANISMS FROM CHEMOTHERAPEUTIC 
PROCESSES 
BY 
NIKOLAUS VON JANCSO 
AND 
HERTHA VON JANCSO 


(Chemotherapy Department, Pharmacology Institute, Royal Hungarian University, 
Szeged) 


(Received for publication 23 Fune, 1934) 


In the literature of chemotherapy there is no evidence that the functions of 
the host exercise a decisive réle in the genesis of drug-resistant strains of parasites. 
According to our present views on the nature of drug-resistance, it is difficult 
to imagine how the natural protective powers can be involved in the genesis of 
drug-resistance. ‘lhe experiments of Yorke, Murgatroyd and Hawking (1931), 
who succeeded in obtaining a resistant strain by repeatedly exposing 7rypano- 
soma rhodcsiense to the action of reduced tryparsamide in vitro, indicate that the 
host is at least not indispensable for the production of a drug-resistant strain. 
All recent attempts to show that drug-resistance is dependent upon the host 
have ended in negative results. ‘This suggests that the host represents only a 
passive medium in which the reactions between the chemotherapeutic substance 
and the parasite, which eventually lead to the origin of a resistant strain, occur 
uninfluenced. 

Fourteen years ago, Ehrlich and Gonder (1920) stressed the pronounced 
stability of drug-resistant strains: ‘ A trypanosome strain conserves its drug- 
resistance for years and for hundreds of passages, no matter if it is successively 
transmitted through one and the same animal species, such as mouse or rat, or 
through a large number of animal species, rats, rabbits, dogs, and so forth.’ 
Mesnil and Brimont (1908), Moore, Nierenstein and Todd (1908) and Breinl 
and Nierenstein (1908), as the result of their experiments, considered themselves 
justified in assuming a primary participation of the host in the phenomenon of 
drug-fastness : they claimed that atoxyl-fast trypanosomes were resistant only 
in certain animal species, and that they lost this resistance when inoculated into 
other animal species. Yorke and Hawking (1932), however, demonstrated that 
both the experimental data and the theoretical conclusion of these authors were 
open to criticism. 
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Ehrlich and Gonder (1920) showed that salvarsan-fast relapsing fever 
spirochaetes conserved their drug-fastness through tick passages; and from 
the important experiments of Yorke, Murgatroyd and Hawking (1933) we now 
know with certainty that a drug-resistant trypanosome strain preserves its 
resistance after undergoing its cycle of development in Glossina, the inter- 
mediate host. 

The results of our own experiments, though not at variance with these 
findings, are nevertheless surprising. Our interest in the study of this question 
was stimulated by our having devised a method which enables us to exclude 
almost entirely the interference of the natural protective mechanism in rats and 
mice in trypanosome infections. We accomplished this by splenectomy and 
intravenous injection of an electrically prepared colloidal copper solution, 
‘These experimental conditions have proved very useful for the analysis of the 
mechanism of action of chemotherapeutic substances, since they allow us to 
perform, as it were, an in vitro experiment in the living animal. If the pheno- 
menon of production of resistant strains is really due only to interaction between 
the chemotherapeutic substance and the parasite, resistant strains will develop 
in exactly the same way in the prepared animal as in normal animals. ‘Thus a 
possibility was afforded of exploring in quite a new way the significance of the 
host in drug-resistance ; and it appeared to us that such experiments would be 
of particular importance, since this method of excluding the natural mechanism 
of defence greatly interferes with the curative action of certain chemotherapeutic 
substances, such as germanin and solganal (N. von Jancsé and H. von Jancso, 
1934). Germanin was chosen for our experiments because, as we have already 
shown, the natural protective powers of the host play a very significant réle in 
its mechanism of action, and it is accordingly of particular interest to inquire 
whether they also participate in the production of drug-fastness to this remedy. 

From our experiments it appears that the development of drug-resistance 
after the exclusion of the mechanisms of defence runs quite a different course 
from what it does under normal conditions. ‘The interpretation of the experi- 
mental findings, of course, depends upon whether irrefutable proof can be 
produced that treatment with electro-colloidal copper combined with splenectomy 
does actually exclude the natural defence mechanisms from the chemotherapeutic 
reactions. We shall therefore give a detailed description of our experimental 
method of excluding protective functions. 

The electro-colloidal copper used presents a hitherto unknown type of 
poison, selected because its action is directed against the cells of the reticulo- 
endothelial system and manifests itself chiefly by the suppression of the colloidal 
storing and phagocytic activity of these cells (Jancsé, 1931; cf. also Rosenthal 
and Zinner, 1932). ‘This substance has proved extremely valuable in the analysis 
of chemotherapeutic phenomena, because it is instrumental in achieving an effect 
not obtainable with any other drug, i.e., it completely inhibits the capacity to 
phagocytose corpuscular elements fromthe blood. ‘This effect is readily obtainable 
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by the injection of 8 to 12 micro-milligrams of dispersed copper per mouse.* 

Table I shows that the red blood corpuscles of a chicken, injected intra- 
venously into splenectomized mice prepared with copper, circulate in the blood 
for 24 to 36 hours, though in normal mice they have all disappeared in 2 to 3 
hours. ‘The same fact is seen when Spirochaeta gallinarum is injected ; in the 
prepared mice the spirochaetes increase in number during the second or third 
day, whilst in the normal mice these non-pathogenic organisms are destroyed 
by the phagocytes during the first day. ‘The Table also shows that the effect of the 
electro-colloidal copper is only fully apparent when combined with splenectomy. 

Not only the phagocytosis of the trypanosomes, but the formation of 
trypanosomal antibodies is practically wholly excluded by this combined inter- 
ference. According to our researches, the trypanosomal antibodies in 7rypano- 
soma brucei infections of the mouse are almost entirely formed in the spleen 
(Jancsé, 1932, 1934). We will now describe the experimental findings on which 
this assertion 1s based. 

The immunity following chemotherapeutic treatment of mice infected with 
our Trypanosoma brucei strain manifests itself by the following phenomena. 

1. Immunity against a second infection. After a first infection has been 
cured by various chemotherapeutic agents, a second injection of the same 
trypanosome strain either fails to take or develops very slowly. In attempts 
to demonstrate immunity by this means it is of course necessary to use remedies 
the effects of which disappear within a day or two. Immunity can be shown as 
early as 2 or 3 days after recovery, and lasts for some weeks. Delayed develop- 
ment, rather than complete failure, of the second infection is to be observed 
especially when the second injection is a heavy one. In this case the trypano- 
somes, after a moderate increase in number, may disappear once or twice from 
the blood, until they finally multiply unchecked and kill the animal. 

2. Production of relapse strain, 1.e., appearance of serum-fast trypanosomes. 
If, after a first cure by chemotherapeutic agents, the second injection with the 
homologous strain is effective, then the trypanosomes appearing in the blood 
will show the properties of a serum-fast relapse strain, inasmuch as they are 
insensitive to the antibodies produced by the antigenic stimulus of the original 
strain. Similarly, those trypanosomes which appear after imperfect recovery 
also show new serological properties. 

By means of numerous experiments, we have been able to demonstrate that 
both phenomena are absent in splenectomized mice : they are not immune to 
a second infection, nor are serum-fast relapse strains produced. ‘The absence 


* 'The preparation is obtainable from Messrs. von Heyden, Dresden, as ‘ electro- 
colloidal copper solution with 0-06 per cent. of copper content.’ Although the various 
samples received were all labelled as containing this amount of copper, the later specimens 
were much more effective than those previously received. With the later solutions it was 
possible to obtain a typical effect by injecting 0-02 c.cm. of the solution diluted with four 
times its volume of water ; whereas with the earlier solutions a typical effect was only 
obtained if 0-05 to 0-1 c.cm. of the undiluted solution was injected. The well-tolerated 
dose should therefore be ascertained in the case of each solution. We should like here to 
express our thanks to Messrs. von Heyden. 
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of immunity is not absolute, however, for the second infection may be delayed 
in certain mice ; and further serum-fast relapse strains may appear in some 
mice after treatment of a very heavy blood infection by chemotherapeutic 
substances which continue to display a feeble therapeutic effect for several days. 

Broadly speaking, however, it can be said that by splenectomy alone the 
formation of antibodies is reduced to the minimum. In this respect, our experi- 
ments, in which, after non-sterilizing treatment, we could demonstrate the 
absence of the formation of relapse strains in almost all the animals (see below), 
are especially conclusive, for, since the investigations of Ehrlich, Roehl and 
Gulbransen (1909) and of Rosenthal (1913), we have known how readily this 
transformation of trypanosomes is brought about by the immune bodies. In 
our experiments we used Trypanosoma brucei, Prowazek strain. 


The general method of the experiments was as follows. For each experiment a number 
(about 25 to 30) of albino mice was used, of which two-thirds were splenectomized under 
ether anaesthesia on the first day. Care was taken that the operation should be gently 
performed, in order that the animals should be left as intact as possible and should lose 
the minimum of blood. Some hours later, on the same day, all the animals were fairly 
heavily infected intraperitoneally with the above strain. In most of the experiments the 
treatment of the infection took place on the second day, in others not until the third day. 
At the time of treatment the degree of infection was ++ (approximately 2 trypanosomes 
per microscopic field under dark-ground illumination). Some of the splenectomized mice 
were, before treatment, inoculated intravenously with 0:05 to 0-075 c.cm. of a 0-06 per cent. 
solution of electro-colloidal copper. Cure was effected by a dose of a chemotherapeutic 
agent of high potency, which dose, as experience has shown, leads in this nagana strain to 
a safe sterilization of the mouse organism, despite the presence in the blood of numerous 
trypanosomes. 

The non-splenectomized mice, and some of those both splenectomized and treated 
with copper, were then for the most part re-inoculated intraperitoneally at intervals of 
from 6 to 8 days after the chemotherapeutic sterilization. ‘This re-inoculation was done 
with a heavy injection of the original passage strain, i.e., homologous trypanosomes ; and 
the blood was afterwards examined daily for trypanosomes under the dark-field microscope. 
The remainder of the animals which had been both splenectomized and treated with copper 
were not re-inoculated. ‘These mice, the blood of which was also daily examined for trypano- 
somes, served as controls to show that the chemotherapeutic dose had really effected a 
relapse-free healing in mice whose reticulo-endothelial system had been blocked. In 
addition to this principle experiment, supplementary ones were also performed, whereby 
it was ascertained that, in a number of mice, the after-effect of the administered chemo- 
therapeutic agent had already so decreased at the time of the re-inoculation that its prophy- 
lactic action could no longer influence the result of the experiment. Furthermore, a number 
of normal animals were inoculated intraperitoneally with the same amount of the trypano- 
some suspension used for re-infection, in order that the uninfluenced course of the infection 
might be observed. 

In our first experiments, for healing the primary infection we used a trypanocidal 
styryl-quinoline compound, the 2-(p-acetyl-aminostyry]l)-6-dimethylaminoquinoline metho- 
sulphate prepared by Browning, Cohen, Ellingworth and Gulbransen (1929). In choosing 
this preparation, due consideration was given to the fact that the drug unites a very strong 
curative action with a very slight prophylactic efficacy (cf. Browning, Cohen, Ellingworth 
and Gulbransen, 1929; Browning and Gulbransen, 1928). In accordance with similar 
data of Browning and his co-workers, we ascertained that this preparation, even when 
administered in the maximum tolerated dose (1 : 500 per 20 gm. body weight), exerts no 
prophylactic effects against 7. brucei Prowazek 48 hours later. Trypanosomes appeared 
in the blood the next day, and then disappeared temporarily ; the doses we employed 
(1 : 1,400 per 20 gm.), however, could not prevent infection or influence its progress after 
an interval of 6 days 
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It is seen from ‘lable II that prepared and normal animals show markedly 
different behaviour after re-inoculation with homologous trypanosomes. In 3 
of 10 normal animals (nos. 11, 19 and 20) the second injection, which was fairly 
heavy, failed to take, while in the others there was a delay of 3 to 5 days ; 
the controls (nos. 29 to 32 and 33 to 34) were all dead on the third day. In 
contrast, the re-inoculation of the splenectomized animals which had also been 
treated with copper (nos. 1 to 5) produced immediate infection, trypanosomes 
appearing in the blood on the next day. In the mice which had been splenecto- 
mized only (nos. 6 to 10), infection similarly took place on the first or second 
day, and only one animal showed more distinct signs of immunity, in that the 
trypanosomes which had already appeared disappeared again for a short time. 
The behaviour in this experiment of two non-splenectomized animals (nos. 14 
and 18) was very remarkable : the course of infection assumed an intermittent 
character ; in one animal the trypanosomes in the blood disappeared, and 
reappeared after 3 days ; one mouse lived for a fortnight, the other for 12 days. 

The fact that the splenectomized mice showed no signs of the formation 
of immune bodies suggests that no biological relapse transformation had occurred 
in their organisms. In an attempt to decide this point, the trypanosomes, which 
after re-infection appeared in the blood of both groups of animals, were examined 
for their biological relapse properties by means of cross-inoculation. Identifica- 
tion was carried out in the following manner. Mice were infected with the 
trypanosomes and, when they had developed a heavy infection, were healed with 
arsacetin. ‘Iwo to three days after treatment, these animals were re-infected 
intraperitoneally with a small dose of the parent strain. Healthy mice, which 
had received the same dose of arsacetin as the infected ones, served as controls. 
When the infection failed to take, or when it took but was retarded, immune 
biological identity was considered proved. 

As appears in Table II, the trypanosomes recovered from the blood of 
non-splenectomized animals showed, as we had expected, the character of a 
relapse strain. Inthe splenectomized animals the original trypanosomes appeared 
with their characteristic immunizing properties preserved. In further experi- 
ments we performed the test in the reverse fashion, transplanting the trypano- 
somes to be tested into mice immunized against the original strain. Here, too, 
it was ascertained with certainty that, in contradistinction to the normal 
animals, the splenectomized animals almost invariably showed an increase in 
the number of the original trypanosomes. 

With slight variations we repeated the experiment four times more, always 
with identical results. 

In a further set of experiments we used neosalvarsan (1 in 500 per 20 gm. 
body weight) to cure the primary infection (Table III). Here the difference in 
behaviour of splenectomized and non-splenectomized animals is still more 
pronounced. ‘The analysis of the biological character of the trypanosomes 
which appeared after the second infection was this time made by the blood 
platelet test of Rieckenberg (1917). For the purpose of identifying the trial 
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trypanosomes with the original strain we used as a test the citrated blood of mice 
inoculated with the original strain and cured when the infection was far advanced. 
In 7 out of 8 of the splenectomized mice the infection took effect without delay, 
in a fashion similar to that in the neosalvarsan controls ; and the trypanosomes 
appearing in the blood unquestionably showed a positive adhesion phenomenon, 
i.e., they proved to be the original trypanosomes. In only one of these animals 
was infection delayed and a biological relapse apparent. Hence, with this one 
exception, active immunity failed to appear. In two of the animals which had 
been both splenectomized and treated with copper infection promptly took place 
and non-serum-fast trypanosomes appeared in the blood, whilst in two others 
an interesting paradoxical effect of the copper treatment (see below) was observed, 
both animals proving completely immune to re-infection. In striking distinction 
to the splenectomized animals the non-splenectomized presented complete 
immunity against re-infection. 

The paradoxical effect of the copper treatment is of great interest. Since splenectomy 
alone almost completely inhibits the production of immune bodies, a further increase of 
this effect by copper treatment cannot be expected. Yet sometimes curious results occur. 
Functions which at first are suppressed by the electro-colloidal copper may later be power- 
fully stimulated by this substance. "Thus the capacity to form haemolysins, which is gener- 
ally suppressed by splenectomy, can be restored to the mice by copper treatment (Kroo6 
and Janes, 1931). Rosenthal and Friedlander (1933) have shown that the diminished pro- 
duction of haemolysins in splenectomized rabbits can often be centupled by copper. 
According to Grillo (1933), the resistance of guinea-pigs to Trypanosoma brucei can, after 
initial diminution, be increased to such a degree that they survive the controls. And, as 
Jancs6 (1931) has demonstrated, the paralysis and destruction of the reticulo-endothelial 
cells resulting from copper treatment is followed by a state of hyper-regeneration. In all 
probability the negative and positive phases of the action of the copper correspond to these 
histologically demonstrable stages. 

In numerous experiments we have studied the significance of the spleen, 
as an immune-body producing organ, in chemotherapeutic cures ; and we have 
been able to find the hitherto missing link in the chain of evidence, by demon- 
strating that relapse strains generally failed to appear in splenectomized mice 
after they had made an incomplete recovery from trypanosome infection. It is 
characteristic of splenectomy, either alone or in combination with copper treat- 
ment, that, if it is to influence the therapeutic result to an appreciable extent, 
the doses given must be of a certain size, i.e., such as to approach the limit of 
inefhcacy. ‘The minimum doses, which are normally sufficient for sterilization, 
no longer produce sterilization ; and, when non-sterilizing doses are administered 
in normal amounts, trypanosomes reappear in the blood unusually early. 
Whereas in normal animals relapses occur after an incubation period of some 
days, in the splenectomized mice an increase in the number of trypanosomes is 
evident as a rule after two or three days. We have proved this to be the case 
for the trivalent arsenic and antimony compounds, as well as for chemothera- 
peutic substances of the styryl-quinoline group and for triphenylmethane and 
acridine compounds ; germanin and the gold preparation solganal used for 
Spirochacta recurrentis infection are exceptions, for here the lesion of the reticulo- 
endothelial system interferes both with the acute curative action of the drug and 


























425 


with the action of the immune bodies following the direct destruction of the 
causative agents. Here the state of affairs is more complex than in the case of 
the compounds first mentioned, and by the exclusion of the reticulo-endothelial 
cells by means of splenectomy and copper treatment the mode of action of the 
remedy is also considerably altered. 

Examination of the trypanosomes by means of Rieckenberg’s blood platelet 
test has revealed the important fact that the so-called ‘ early relapses ’ appearing 
in the splenectomized mice are not genuine relapses. We also ascertained that 
when no trypanosomes can previously be found in the blood for two or three 
days, despite most careful microscopic examination (exploration of from 100 to 
200 microscopic fields), the relapses are due to non-serum-fast trypanosomes. 
In an attempt to effect a cure with the styryl compound (‘Table LV), the trypano- 
somes found in three splenectomized mice were revealed by the Rieckenberg 
test to be original strain trypanosomes—a result further confirmed by the 
transfers performed with the cross-inoculation procedure. With regard to 
tartar emetic (‘Table V), the Rieckenberg test proved that the relapses were in 
all cases caused by non-serum-fast original strain trypanosomes. In non- 
splenectomized mice, on the contrary, the relapse trypanosomes were serum-fast. 

As the result of our investigations we have reached the following interesting 
conclusion: in splenectomized mice the course of a chemotherapeutically 
influenced trypanosome infection differs from the normal in that the immuno- 
biological rule concerning the production of relapses, enunciated by Ehrlich and 
his collaborators, often proves to be untrue in certain methods of treatment 
(e.g., tartar emetic in 100 per cent. of cases). In the relapses, the primary relapse 
criterion is lacking, and, inasmuch as these relapses are not provoked by serum- 
fast trypanosomes but by sensitive trypanosomes, they are really only ‘ sham’ or 
‘pseudo-relapses.’ 

The fact that splenectomized mice are in general unable to form true 
relapse strains clearly shows that, if these animals produce immune bodies at 
all, they can only do so in quite ineffectual and minimal amounts. 

The curative attempts with styryl-quinoline and tartar emetic (Tables 1V 
and V) clearly show the influence of splenectomy on the therapeutic result. 
After we had proved that in Trypanosoma brucei infection of the mouse the 
immune bodies are formed in the spleen, it was not difficult to explain the 
influence of the spleen on the chemotherapeutic cure. ‘There is a striking 
analogy between the experiments recorded in Tables II and III on the one 
hand and those recorded in Tables IV and V on the other. In view of the 
definite results of the experiments, it seems that the only possible explanation 
of the diminished therapeutic effect resulting from splenectomy is that the 
co-operative action of the immune bodies in the chemotherapeutic cure is 
eliminated. ‘The part these play in the recovery from the infection will be 
clearly understood if it is recognized that the results of the experiments recorded 
in Tables IV and V are always obtained when border-line doses are used. 

It is obvious that by reducing the doses of a chemotherapeutic substance a 
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limit must eventually be reached when the therapeutic chemical no longer kills 
all the causative agents indiscriminately. What is the fate of the residual parasites 
which have managed to escape the immediate deleterious action of the curative 
agents? ‘lhe answer will be found in the experiments recorded in ‘Tables II 
and III, which show that in the organism the destruction of numerous trypano- 
somes is quickly followed by the formation of specific immune bodies capable 
of killing a considerable number of homologous trypanosomes. ‘The residual 
parasites succumb to the action of these immune bodies—in fact, they are 
evidently destroyed particularly easily, because they are already damaged by 
the chemotherapeutic substance, and, unless the latter is promptly eliminated 
or detoxified, they will continue to be influenced. (Cf. the particularly successful 
interference of immunity in the experiment in Table III, where the neosalvarsan 
had not been entirely eliminated.) Accordingly, if the number of residual 
trypanosomes is not too large, a complete recovery will result from the inter- 
ference of the immune bodies. If the number of the surviving causative agents 
is larger, they will cause a relapse after a longer incubation period, in which they 
will assume a serum-fast character. 

Quite a different result, however, is to be expected in the case of splenec- 
tomy: antibodies are not produced, and the parasites which have escaped the 
destructive action of the drug will multiply and cause an early ‘ pseudo-relapse.’ 

This hypothesis is based upon most careful researches, and in our opinion 
is the explanation of the fact that in the chemotherapy of trypanosome infections 
splenectomy associated both with border-line doses and even with doses which 
would normally effect a permanent cure, invariably leads to an early reappearance 
of the trypanosomes. ‘The curative experiments made in splenectomized mice 
furnish us with important evidence that trypanocidal immune bodies always 
play a decisive part in the chemotherapeutic cure with minimum doses ; and, 
furthermore, they also give precise information regarding their quantitative 
réle, since, as we have seen, the therapeutic action in splenectomized mice takes 
place without any appreciable participation of the antibodies. We can therefore 
conclude that the sterilization of the infected body by the minimal sterilizing 
dose is always due to a combined action of the chemicals and the immune bodies. 
In a word, our work has abundantly confirmed Ehrlich’s theory of ‘ ictus 
immunisatorius’ (Ehrlich and Gonder, 1920; Browning, 1927). These 
authors assumed that a definitive sterilization of the infected organism 1s in 
some circumstances due to a combined mechanism, the majority of the parasites 
being killed by the chemical substance, the rest by the antibodies secondarily 
produced by means of the antigenic stimulus delivered by the chemically des- 
Our researches have also thrown light on the relation of the 





troyed parasites. 
spleen to this function. 

Of the phenomena described, all that was previously known was that 
extirpation of the spleen ‘ diminishes the efficacy of the chemotherapeutic 
agents,’ or, as it was erroneously expressed, ‘annuls the curative effect’ 
(IXritchewski et al., 1926-32 ; Feldt and Schott, 1927 ; Jungeblut, 1927, 1930). 
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‘hese authors, however, failed to find the true explanation. Feldt considercd 
the diminution of the efficacy by splenectomy and blockade as a proof that the 
chemotherapeutic substances act indirectly by activation of the immune powers, 
and believed that the reason why he failed sometimes to obtain total loss of 
efficacy was due to the absence of a suitable method for excluding in the body 
the function of all reticulo-endothelial cells. According to Kritchewski (1927-32), 
the influence of splenectomy is to be ascribed to the fact that the medicaments 
were more rapidly eliminated after this operation than they were normally. 
One of us (N. von Jancs6, 1928) demonstrated some years ago that these explana- 
tions are untenable, and pointed out that the unfavourable influence of splenec- 
tomy on tne chemotherapeutic curative result was due to the fact that the direct 
action of the chemotherapeutic substances combines with the immune biological 
defensive functions, and that the latter are excluded by splenectomy (Jancso, 
1928, 1929). In a later paper, important evidence was produced confirming 
this view (Krod and Jancsd, 1931), the significance of which is fully acknow- 
ledged by Schnitzer (1932). We were, however, fully aware that the theory 
that the unfavourable influence of splenectomy on the chemotherapeutic effect 
is due to a defect in the immune biological defence mechanism could not be 
regarded as experimentally proved until it could be shown that in the trypano- 
some infection of the mouse the spleen does indeed play a decisive rdéle in the 
production of antibodies. At the time this evidence was not forthcoming ; and 
it was only by the experiments described in this paper that we have succeeded 
at last in elucidating the immune biological basic phenomenon concealed in the 
chemotherapeutic findings, i.e., the decisive réle of the spleen in the formation 
of antitrypanosome immune bodies. 

Our findings have also disproved the conclusion of Kritchewski and 
Schwarzmann (1928), ‘Tscherikower (1930), and Kritchewski, Semzova and 
Ratner (1930) that the spleen exercises no protective functions in experimental 
trypanosome infection. Similarly, the theories of Kritchewski and his co- 
workers (1926-32) concerning the chemotherapeutic role of the reticulo-endo- 
thelial system are also disproved. Our own views have recently been criticized 
by Kritchewski (cf. Winogradova and Meerson, 1932) ; but the findings recorded 
in this paper make any further comment unnecessary. 

In the investigations previously undertaken, the fundamental fact had been 
overlooked that in splenectomized mice non-serum-fast trypanosomes are 
present in the blood after the treatment. Moreover, it had generally escaped 
notice that the efficacy is naturally only partly destroyed by splenectomy, since 
only one component—and that a secondary one, i.e., the immunity factor—is 
thereby eliminated. 

It appears from our latest researches (N. von Jancsé and H. von Jancso, 
1934) that in the presence of certain chemotherapeutic substances the natural 
mechanisms of defence play a primarily important réle, while exerting their 
acute curative effect. ‘The defence forces can be completely eliminated by 
means of electro-colloidal copper. In the case of germanin we have been able 
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to demonstrate a co-operative action of the defence with the drug, the trypano- 
somes being opsonized by the drug and phagocytosed alive and destroyed by 
the phagocytes in the spleen, liver and bone marrow. For this reason, the 
curative action of this drug is qualitatively and quantitatively modified to a 
high degree by our phagocytotropic poison, electro-colloidal copper, even when 
given in such small quantities as 8 to 12 micro-milligrams per mouse. As our 
researches show, germanin exerts a strong trypanocidal action and kills 7rypano- 
soma brucei strains in vitro up to a concentration of 1 in 70,000. By its opsonin- 
like action, however, its potency im vivo undergoes a considerable increase : 
the chemotherapeutic index rose thereby in one case from 1 : 135 to 1 : 270. 

We believe that ‘ chemotherapeutic phagocytosis ’ also plays an important 
part in the curative action of solganal in Spirochaeta recurrentis infection (N. von 
Jancs6 and H. von Jancsd, 1934). 


SUMMARY 


1. Specific antitrypanosome immune bodies are formed in the spleen in 
Trypanosoma brucei infection of the mouse. ‘This is demonstrated by the fact 
that (a) infected splenectomized mice which had been cured exhibited no 
immunity against a second infection, and that (b) the trypanosomes appearing 
in the blood after the incomplete cure of splenectomized mice are sensitive to 
serum. Formation of serum-fast relapse strains does not take place. 

2. An important fact in the chemotherapeutic mechanism is played by the 
humoral immunity, the specific antibodies being afterwards capable of killing a 
considerable number of individual trypanosomes which have escaped the 
chemotherapeutic shock. ‘Thus a relapseless cure can take place even when the 
chemotherapeutic agent does not directly kill all the trypanosomes, always 
provided that the number of the parasites which has survived is not too great. 

3. Whatever antitrypanosomic remedies are used, the definitive sterilization 
of the organism by minimal sterilizing doses is due to the intervention of immune 
bodies. 

4. This accounts for the fact that with the use of minimum doses the 
therapeutic effect is distinctly interfered with by splenectomy. An early 
reappearance of the trypanosomes in the blood takes place, even with doses 
which suffice to sterilize the normal animal. 

5. In germanin the phagocytes of the reticulo-endothelial system play 
an important part in the curative mechanism. Germanin exerts upon the 
trypanosomes an opsonin-like action, whereby these are phagocytosed alive in 
the spleen and liver. 

6. By splenectomy and treatment with electro-colloidal copper—a recog- 
nized poison to the reticulo-endothelial system (Jancsd, 1931)—the natural 
mechanisms of defence are practically entirely excluded. 

7. In mice prepared in this way, (a) the phagocytosis of trypanosomes 1s 
abolished, and (4) antitrypanosomic immune bodies are at the best produced 
only in traces. 
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"TABLE I 


Suppression of the phagocytic activity of the reticulo-endothelial cells by electro-colloidal copper 
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TABLE I].—The decisive réle of the spleen in ¢)), 
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formation of antitrypanosome immune bodies 
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TaBLeE III.—The decisive réle of the spleen in the produc: 
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( the specific antitrypanosome immune bodies 
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TABLE 1V.—Splenectomy and ‘ ictus immunisatorius.’ Therapeutic exper: 
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ment with 2-(p-acetyl-aminostyry])-6-dimethylaminoquinoline methosulphate 
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TABLE V.—The incomplete formation 
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Rieckenberg test the citrated blood of mice immunized against the parent strain was used. 
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relapse strains in splenectomized mice 
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ON THE PLANORBID HOSTS OF BILHARZIASIS 
IN SOUTH AND WEST AFRICA 


BY 


M. CONNOLLY 
(Received for publication 12 September, 1934) 


Although divers other snails have been accused—some, I suspect, unjustly— 
of harbouring the human bilharzia worm in the districts above mentioned, it is 
a well-established fact that the principal vectors are members of the red blooded 
genera Physopsis and Planorbis ; but when it comes to determining the exact 
specific name to be applied to each of the many local races diffused over this 
large area, the extreme variability of certain species, within certain limits, and 
the difficulty of discerning where one so-called species ends and another begins, 
makes the task one of great difficulty to experts, to say nothing of amateurs 
in conchology. 

In so far as concerns the medical faculty in connection with bilharzia 
disease alone, it would appear that the exact trivial name of a local race cannot 
be of so great importance as one that will be an immediate guide to convey to 
others the appearance of the shell in question, so that an old and possibly over- 
comprehensive name, such as Planorbis pfetfferi and alexandrinus, Physopsis 
africana and globosa, may facilitate easy recognition of the enemy, whereas too 
punctilious an insistence on application of the many trivial names that have been 
bestowed on local races of doubtful distinction may actually confuse the true 
issue to those who have not ready access to the plethora of conchological literature 
on the subject, and are therefore ignorant of the external features of the shells 
to which these names have been allotted. 

The notes which follow are confined to details, as few and simple as I can 
make them, concerning the broad family affinities and chief external features of 
the south and central African shells referred to above, in the hope they may be 
of some little use to workers on other subjects than conchology, whose researches 
necessitate at least superficial acquaintance therewith ; references to literature 
and synonymy are reduced to a minimum. 


Family PLANORBIDAE 
Subfamily PLANORBINAE 


Shell flat, small to medium size, with few or many whorls. 


Genus Planorbis Miiller, sensu lato. 
Planorbis pfeiffert Krs. 
1848 Planorbis pfeiffert Krs., Siidafr. Moll. p. 83, pl. v, f. 7 
This is the oldest name applicable to itself and nearly-allied members of 


the genus south of Egypt, where Plan. alexandrinus Ehrn. (probably == boissyi 
Pot. & Mich.) takes its place. 
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It attains fairly large dimensions (15 by 64 mm. in major diameter and 
thickness), with 5 slowly increasing whorls; the aperture is not noticeably larger 
than the whorl to which it forms the end, and is normally in the same plane 
with it, though it may incline a little above or below it, according to the mode 
of growth of the shell. It inhabits the greater part of the continent south of the 
Kunene and Zambesi Rivers, and I have noted the occurrence of perfectly 
typical shells in the Urguess, Nagichot, Rongeai and Lake Harrington districts 
of Kenya Colony, and Kwarra and Bida, Northern Nigeria, the latter collection 
made by G. W. St. C. Ramsay. 

The species is remarkable as being one of the few in which the aperture in 
immature shells of about 34 whorls occasionally, though rarely, contains three 
or more teeth, which are absorbed during further growth, and have caused its 
attribution to the genus, or subgenus, Planorbula Haldemann. 

In the above-mentioned localities Plan. pfeifferi remains fairly true to type 
and easily recognizable, even from the meagre description I have given; but 
closely allied races in near-by localities in central Africa, though almost indis- 
tinguishable from the South African species, exhibit certain subtle points of 
difference which render it impossible to determine them definitely by that name. 

A race from Kagoro, Northern Nigeria (A. W. Taylor), which does not 
appear to exceed 10 mm. in major diameter, is remarkable in that nearly 
50 per cent. of its members exhibit apertural dentition, and may possibly 
represent an undescribed species ; while races from Kaduna, Northern Nigeria 
(McCulloch), Gueckédou, French Guinea (Vogel) and Kabala and Sonkonia, 
Sierra Leone (Peaston, Gordon and Davey), though in full agreement with 
each other, do not seem to attain quite as large dimensions as pfeifferi ; the 
whorls may increase just a trifle more rapidly and the aperture tends to 
rather more rapid increase in altitude. 

The very large collection from Kabala, with many animals preserved in 
spirit, emphasized these details, and it appeared advisable to submit some of 
the shells to Dr. Louis Germain, of Paris, whose work on Planorbidae and whose 
specialized acquaintance with the central African forms is well known, and the 
animals to Hugh Watson, of Cambridge, who kindly studied the anatomy of 
Krauss’s species in connection with an earlier paper of my own on its occurrence 
in Portuguese East Africa. 

Germain replied: ‘ This is without question a form of Planorbis bridouxt 
Bet.’ (a synonym of Plan. stanleyi Smith). ‘ Nearly exactly the same species 
has been collected sub-fossil or at least long dead in Lake Chad by R. Chudeau ; 
the only appreciable differences are : 

‘ Bridouxt from L. Chad has the last whorl slightly, or even very slightly, 
more dilated at its extremity and the umbilical carena generally more marked ; 
but otherwise, the volution, general shape and aperture are identical. 

‘ However, I must add that Plan. bridouxi Bet. and pfeifferi Krs. are closely 
allied to one another and the first is, in reality, only a representative form of the 
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second, bridoux1 being very common in east and central Africa, pfeifferi confined 
more or less to South Africa. 

‘Your Planorbis cannot be identified with Plan. salinarum Morelet, which 
is a little like it, but larger, much more flattened, with the last whorl not nearly 
so high. 

‘The conclusion is that your Planorbis from Sierra Leone is evidently near 
to pfeifferi Krs., but still more so to the forms from L. Chad of bridouxt Bet., 
and it seems more suitable to classify it as this species.’ 

Watson’s report, after giving very full comparison of the anatomy of four 
Kabala animals with that of those which he had previously examined from 
Portuguese East Africa and Natal, reveals the important fact that in the former 
the central tooth of the radula exhibits a small narrow median denticle between 
the two larger cusps, which practically makes the centre tooth tricuspid, instead 
of bicuspid, as is usual in the central tooth in the Planorbinae ; and this is not 
an abnormality, as it occurs in all four specimens examined, while there is no 
real trace of it in the South African radulae ; nevertheless in most respects both 
the radula and the other internal organs of the Kabala form bear close resemblance 
to those of Plan. pfeifferi, as figured by Watson in 1925. 

In view of these reports there can be little doubt but that Plan. stanleyi 
= bridouxianus) is specifically distinct from pfeifferi, and that the races from 
Kabala, Sonkonia, Kaduna and Gueckédou must be referred to Smith’s species 
hereunder. 


Planorbis stanleyi Smith 


June, 1888 Planorbis stanleyi Smith, P. Z. S. p. 35 
Nov., 1888 Planorbis bridouxianus Bgt., Icon. Mal. Tanganika, pl. i, f.9-12 


~ 6 


Fic. 1. Fic. 2. Fic. 3. 





Fics. 1-3. Planorbis stanleyi Smith, from Kabala (x 1). 





Fic. 4. Fic. 5. Fic. 6. 


Fics. 4-6. Planorbis stanleyi Smith, three of the type set, in which the type is not designated, 
from Albert Nyanza (x 1). 
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Stanleyi was described from Albert Nyanza and bridouxianus from L. 'Van- 
ganyika, and as the species has not been illustrated in an English journal I present 
text-figures (figs. 4 to 6) of three of the type set. It will be seen that they are a 
little thicker (or higher) than the Kabala shells (figs. 1 to 3), but the species is 
extremely variable in regard to this feature, even in specimens from the same 
locality, and in view of the close resemblance in all other respects between 
the west coast races and the type set of stanleyi there seems to be no reason 
to doubt their identity. 


Subfamily BULININAE 


Shell sinistral, of fair size, more or less elongate, usually with very large 
and tumid body whorl. 


Genus (or subgenus) Physopsis Krs. 
Columella more or less abruptly truncate at its base. 
Physopsis africana Krs. 
1848 Physopsis africana Krs., Siidafr. Moll., p. 85, pl. v, f. 14 


In this genus the oldest name is that bestowed by Krauss on the common 
South African form, which therefore takes priority in the event of any so-called 
species of more recent description being proved conspecific. ‘The shell is so 
well known and has been figured of late years in so many medical journals that 
it is unnecessary for me to enter into details, except to explain that it is extremely 
variable in length of spire, which is sometimes so flat that the shell will remain 
in an upright position if stood upside down, though it is usually more or less 
exserted, when it becomes dome-shaped or very slightly acuminate. The 
columellar truncation, however, is usually extremely well marked and there is 
no reflexion whatever of the columellar margin, so that the shell, except in 
rarest instances, is completely imperforate at all stages of growth. 

It is the common form in south-eastern Africa, while opinions vary as to 
how many of the numerous forms described under other names from further 
north are referable to it as synonyms or varieties. 

The great majority, however, of local races of this genus that occur north 
of the ‘Tropic of Capricorn differ from africana in that the columella, although 
distinctly truncate at its base, is not entirely adnate to the body whorl, but 
leaves a small gap near its upper extremity, which forms a minute slit, or rima. 
The spire is subject to the same variation in form as in africana, but the rimation 
is practically always present. With the exception of a few rather specialized 
forms, which have been distinguished by special names to which they may 
perhaps be entitled, but do not enter into the geographical limits of this paper, 
it appears sound policy to group all the rest under the oldest name applicable 
to central African species of the genus, namely : 
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Physopsis globosa (Morelet) 
1866 Physa globosa Morel., J. de C. p. 162 


When describing this species, Morelet rightly stressed the fact of its slight 
rimation, which affords the only real and fairly constant point of difference 
between itself and africana. ‘The shell sometimes attains large dimensions and 
extreme obesity, but the type is not ultra-globose and its dimensions, 16 by 
11 mm., present a fair average of well-grown individuals in the species. I figure 
three typical examples from the type set, which will be found to agree well with 
most of the local races of west Africa, and three of the Kabala race. 





F 


Fic. 7. Fic. 8. Fic. 9. 





Fics. 7-9. Physopsis globosa (Morel.), from Kabala (x 1). 





Fic. 10, Fic. ll. Fic. 12. 


Fics. 10-12. Physopsis globosa (Morel.), three average specimens from the type set, from 
Angola (x 1). 


I am greatly indebted to the ‘Trustees of the British Museum (Natural 
History) for kind permission to publish the extremely valuable photographs 
from the type sets in the Museum collection. 





















THE ROLE OF LUCILIA SERICATA MEIG. 
LARVAE IN OSTEOMYELITIS WOUNDS 


BY 
M. A. STEWART 
(The Rice Institute, Houston, Texas) 
(Received for publication 16 April, 1934) 


HISTORICAL 


Ever since the late Dr. William S. Baer, of the Johns Hopkins Medical 
School, first used blow-fly larvae in the treatment of osteomyelitis in 1928, 
there has been considerable discussion, both oral and written, as to why and how 
these organisms are efficacious in the treatment of such infections. Dr. Baer 
(1931) himself wrote : 

‘Maggots, by their digestive action, clear away the minute fragments of 
bone and tissue sloughs caused by operative trauma in a way not accomplished 
by any other means. ‘This is a tremendously valuable asset in the healing of 
a wound. 

‘ Maggots cause wounds to become alkaline and in this way diminish growth 
of pathogenic bacteria. 

‘Maggots seem to have other more subtle biochemical effects within the 
wound itself and perhaps cause also a constitutional reaction inimical to bacterial 
growth. ‘This is under investigation.’ 

He writes further: ‘ Personally, I believe that the scavenger reaction is 
not the only means by which they [the maggots] heal the wound. I am inclined 
to think there is some biological reaction which is formed between the activity 
of the maggot and the fluids of the human body which plays an important part 
in the healing of the wound. Just what this biochemical substance is, has not 
yet been absolutely determined by investigations.’ 

Baer had no idea of how the maggots alkalize the wound ; he (1931) merely 
wrote : ‘ Most wounds have an acid reaction—either weak or strong—but it takes 
hardly twenty-four hours before this reaction becomes alkaline after the introduc- 
tion of the maggots. I mention this fact because I believe that the alkaline reaction 
has a great deal to do with the sterilization of the wound and the killing of the 
bacteria.’ He unfortunately did not live long enough to investigate the ‘ more 
subtle biochemical effects within the wound itself.’ 

Since Baer’s pioneering work, several subsequent investigators of this 
phenomenon have arrived at various conclusions relative to the exact role of the 
maggots in the osteomyelitis wound. Buchman and Blair (1932) concluded 
that maggots are efficacious in the treatment of such infections by their scavenging 
activities, with consequent ingestion and removal of acid-forming and bacterial- 
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growth-promoting necrotic tissue, and by virtue of their possession of numerous 
spines on the body segments, which were believed to stimulate the process of 
healing by mechanical irritation of the tissues of the wound. Livingston and 
Prince (1932) believe that not mere mechanical action of the maggots is primarily 
responsible for the beneficent results obtained by their use, but more important 
still is an additional agent which is developed through the contact of the maggots 
with living tissues and which in itself is a curative agent. An ‘ agent’ was 
obtained by these investigators by grinding sterile live maggots in sterile normal 
saline solution and filtering the product through coarse and fine Berkefeld filters. 
Livingston (1932) found this agent, or ‘ active principle,’ to be largely a solution 
of protein in which glucosamine, tyrosine and tryptophan predominate ; it is 
alkaline and agglutinates bacteria and inhibits their growth. No statement was 
made as to whether or not an attempt was initiated to determine if some, or all, 
of these ingredients of the ‘ active principle ’ are exuded naturally by the living 
active maggot. Robinson (1933) writes, as a result of his and Norwood’s work 
(1933), as follows: ‘ Maggots have been found to assist in the disinfection of 
the wound in the following way: In the first place, the removal of the dead 
tissue from the wound by maggots makes conditions less favorable for the 
development and increase of bacteria. Secondly, the excessive discharge which 
occurs in the wound carries away large numbers of bacteria as it drains off. In 
the third place, maggots take up large numbers of bacteria with their food, and 
as the bacteria pass along the alimentary canal they become digested and 
destroyed.’ This latter statement is not in accord with Baer (1931), who writes : 
‘ At first the maggot seems to act as a scavenger. He busily sucks up the bacteria 
and consumes the dead tissue. He passes these through his intestinal tract in a 
perfectly live state. ‘These live bacteria may be the source of further con- 
tamination.’ ‘The writer (Stewart, 1934) came to the conclusion that not only 
the scavenging activities of the maggots play an important réle in the successful 
results obtained, but the calcium carbonate also, which was found to be constantly 
exuded by the larvae, is of importance because of its property of alkalizing the 
wound and its marked specificity for phagocytosis. It was assumed that the 
bacterial exotoxin was rendered inert either by absorption or digestion by the 
maggot. A number of investigators, including the writer, have tested these 
maggots for bacteriophage with consistently negative results. 


OSTEOMYELITIS 


In order to understand more completely the actual réle of blow-fly larvae 
in an osteomyelitis wound, it is first necessary to have well in mind the exact 
nature of such an infection. Osteomyelitis may be defined as inflammation of 
bone tissue due to bacterial infection, which is usually of a pyogenic type. 
Staphylococcus aureus appears to be the most common etiologic agent. The 
classical description of inflammation denotes the characteristic presence of ‘calor, 
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dolor, rubor and tumor,’ but inflammation in bone tissue is somewhat different 
from that in soft tissues. Here the tissue is rigid and swelling is consequently 
absent, though the other conditions are present. When the exudate, resulting 
from inflammation and constituting a defensive barrier, expands in osseous 
tissue, it is forced farther and farther back into rigid channels. It is perfectly 
obvious, therefore, that in an acute bone inflammation rapid destruction of 
osseous tissue follows. It has been stated that bacteria causing bone infections 
are invariably virulent. This statement must stand, in view of the fact that 
even if the bacteria do become attenuated and the inflammatory process is 
stopped, with the normal functions of the body remaining unassisted, a chronic 
bone abscess persists. ‘This abscess discharges for long, perhaps indefinite, 
periods of time because of its presence in rigid tissue, which will not expand 
and permit efforts sufficient for healing. Also, as is well known, dead protoplasm 
is acid, and any wound in which acid débris is allowed to remain suffers from a 
diminution of oxygen tension in the granulation tissue cells, which in turn 
stimulates the autolytic enzymes contained within these cells to dissolve the 
surrounding protoplasm. Furthermore, acid causes a swelling of the tissue 
cells which pushes deeper into the bone canals the barriers that have been 
erected, thereby further extending the damage already started as a consequence 
of an inflammatory process in a rigid tissue. ‘Therefore, any treatment which 
removes or destroys bacteria and necrotic tissue, alkalizes the wound, or increases 
the rate of exudation is of marked benefit. 


FEEDINC ACTIVITY OF THE LARVA 


When blow-fly larvae are placed in an infected wound they usually very 
soon concentrate in relatively large numbers at favourable spots and, after 
becoming established there, feed continuously. ‘The process of feeding is 
characterized by vigorous movements of the head and is not merely a passive 
act of sucking fluids, as believed by earlier writers. The anterior end of the body, 
especially when feeding first begins after the implantation into the wound, is 
reared up from the tissues and is then brought forcibly down on the surface, 
thereby enabling the strong mouth-hooks to tear and cut the tissues. ‘The 
larvae show a very marked tendency to pack side by side, after feeding is under 
way, with their bodies still and their heads in rapid movement. It can readily 
be seen that the mass effect of this action is considerable and may reduce the 
invaded tissues to a pulp. The maggots attack the tissue fibres even when 
free liquid is present. Hobson (19324) states that L. sericata larvae do not 
salivate freely on to the food, but that they occasionally eject a small drop of 
saliva when crawling over glass. 

Certain physical conditions, i.e., moisture, warmth, shelter and aeration, 
are essential for larval development. In addition, an alkaline reaction is relatively 
favourable and an acid condition is relatively unfavourable. Furthermore, 
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although L. sericata larvae live normally in decomposing meat, they definitely 
appear to prefer relatively fresh food, and are frequently inhibited or killed by 
excessive putrefaction. Holdaway (1930) has reported a definite ecological 
succession of different species of blow-fly larvae to occur on exposed meat and 
carrion, the character of the fauna being determined in part, at least, by the 
type and rapidity of putrefaction.  Lucilia sericata is denoted as a pioneer or 
colonizer, the female ovipositing on fresh food soon after exposure. Calliphora 
larvae succeed those of L. sericata and Sarcophagid and Chrysomyia maggots 
appear when liquefaction has begun. 

It is well known that blow-fly larvae develop rapidly in fresh meat, which 
is soon liquefied as a consequence. ‘The rate of such liquefaction is dependent 
upon the protection of the maggots from desiccation and upon a temperature 
factor, increasing with an increasing temperature. As pointed out by Mackerras 
and Freney (1933), this liquefaction 1s due largely to the maggots, as can readily 
be seen by comparing the appearances of equal masses of liver exposed to the 
same external conditions for equal periods of time, when one mass is allowed 
to putrify without maggots and the other in their presence. When larvae are 
present in numbers, the liver is first reduced to a spongy framework enclosing 
a dark fluid, and finally, if only assimilable tissue is present, nothing is left but 
some dark slime. Under such conditions the liver rapidly becomes alkaline in 
reaction and ammonia is given off. ‘This raising of the pH according to Hobson 
(19326), as will be discussed below, plays a very important part in the further 
disintegration of the meat by activating the tryptic enzyme of larval excreta and 
by changing the colloidal properties of the tissue proteins. When maggots are 
not present, the liver softens to a certain extent and then gradually dries up. 
The chemical reaction becomes strongly acid and finally, after several days, 
becomes alkaline. 

It has been stated numerous times that blow-fly larvae can only ingest 
liquid food, but it has been demonstrated by both Guyénot (1906) and Mackerras 
and Freney (1933) that these organisms can ingest microscopic solid particles. 
The latter investigators found particles of irregular shape up to 75yu by 50p in 
the crops of L. cuprina larvae feeding on liver. However, predigestion of the 
structural elements of muscle tissue is necessary to a certain extent, and this 
can be effected, as Hobson (19314, 19315) has shown, by the larval excreta which 
contains a proteolytic enzyme, as will be discussed farther on in this paper, 
which is active at the alkaline reaction created in part by the free ammonia in 
the faeces. It becomes clear from these researches that blow-fly maggot ingestion 
of animal tissues is dependent upon two factors: (1) a mechanical tearing-up 
of the tissues by means of the mouth-hooks, and (2) an external digestion or 
liquefaction by means of digestive enzymes liberated in the excreta. 

Thus is the bacterial-growth-promoting acid-forming necrotic tissue, and 
at times also vital tissue, as will subsequently be described, removed from the 
infected wound by the blow-fly maggots. 
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DIGESTION 


The digestive processes of Lucilia sericata larvae are of interest here only 
in so far as they may aid in the removal of necrotic débris or in the reduction 
of the infection by direct effect upon the pathogenic bacteria and their exotoxin. 
It will be seen that two of these functions, at least, are performed by the maggots, 
in addition to rendering the wound more alkaline by means of certain excretions. 

Wollman (1911) pointed out the presence of proteolytic enzymes in the 
excreta of sterile blow-fly maggots. Hobson (1931a) demonstrated that enzymes 
acting upon carbohydrates are absent, except for a weak amylase in the salivary 
gland, in L. sericata larvae, and that proteolytic and lipolytic enzymes are active 
in the mid-gut. He confirmed the earlier work of Wollman by finding a protease 
present in the excreta. ‘lhe enzymes present in the mid-gut include tryptase, 
peptidase and lipase, and the tryptase persists in the excreta. ‘The liquefaction 
of tissue is rendered possible by the excreted tryptase, provided that the wound 
can be rendered alkaline, since this enzyme is more active at a higher pH. 
Mackerras and Freney (1933) show from washings of the larvae of various 
stages that this persistence of tryptase in the excreta is not only true in the case 
of L. sericata but also in L. cuprina and Chrysomia rufifacies as well. ‘Vhey 
state, from experimental evidence, that apparently tryptase is more abundant 
than peptase, and that the former would be far more active under the normal 
conditions of larval life upon carrion, which quickly becomes alkalized when 
crowded with maggots, as it always is in nature. 

Hobson (19325) has demonstrated that the tryptase of the excreta comes in 
contact with the tissues upon which the maggots feed. Autolysis experiments, 
conducted at the same time, indicated that the concentration of tryptase in the 
ingested food is not appreciable, for, when larvae were killed by drowning, the 
contents of the crops remained unchanged for several days. ‘This investigator 
writes: ‘The main function of the excreted enzyme may be to digest the 
structural elements of muscle, the intramuscular connective tissue and the 
sarcolemma of the fibres. ‘This tissue is very small in amount compared with 
the muscle substance and would be first to come in contact with the enzyme.’ 

It has already been mentioned that an alkaline reaction in the infected 
wound is required if the tryptase of the excreta is to help to liquefy the necrotic 
tissue ; such predigestion is not always absolutely necessary, however, because 
the staphylococci present in the wound liquefy the tissues to a certain extent, 
and because the larvae probably can, if necessary, reduce them to sufficient 
fineness by means of their strong mouth-hooks. 

Such alkalinity is not wanting, however, since the excreta of blow-fly 
larvae is alkaline and contains ammonia, as can easily be demonstrated by 
testing it with a loopful of Nessler’s solution on a platinum wire ; this ammonia 
increases the pH of the wound. ‘The origin of the ammonia in the digestive 
tract of the maggots has not been determined. The wounds usually become 
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alkaline within 24 hours after the introduction of ‘ surgical maggots.’ ‘The 
rendering of the wound alkaline not only activates the excreted tryptase and 
influences the colloidal properties of the protein, but also, as pointed out in an 
introductory paragraph, is beneficial because it reduces the swelling of the soft 
tissue, with consequent relieving of mechanical pressure which pushes the 
defensive barrier of exudate farther back into the rigid channels of the bone, 
thereby increasing osseous tissue destruction ; because it prevents the dissolution 
of normal protoplasm by autolytic enzymes stimulated by a diminution of 
oxygen tension in the granulation tissue cells due to an acid reaction ; and 
because it increases wound drainage by reducing the soft tissue oedema. 

Ammoniation, as Hobson (19324) has shown, improves the development of 
sterile larvae throughout the whole growth period. ‘This fact probably explains 
that which has puzzled many observers and investigators, i.e., the very rapid 
development of maggots when the condition of the osteomyelitis wound becomes 
greatly improved. 

Practically everyone who has administered maggot therapy has seen young 
maggots, which were to all appearances perfectly healthy, die about as soon as 
they were placed in a wound which had been undergoing this type of treatment 
for some little time. Baer (1931) writes : ‘ When the wound reaches the state 
of almost healing, when the bacteria become less from day to day, there comes 
a time when maggots placed in the wound will be killed after a stay of a few 
hours. ‘This, too, is another problem and one which necessitates more biochemi- 
cal work.’ ‘This, also, can be explained by the ammoniation of the wound by 
larval excreta. As Hobson (19326) has pointed out, the concentration of ammonia 
becomes at times sufficiently great to kill many eggs and even to affect young 
larvae. 

Before leaving the subject of the alkalizing larval excretions, it may be 
pointed out that the writer (Stewart, 1934) found that L. sericata larvae con- 
stantly excrete small quantities of calcium carbonate through the body wall. 
‘This inorganic salt is not only of considerable importance in increasing the pH 
of the wound, but the calctum ions, as demonstrated by Beckhold (1929), 
possess a marked specificity for phagocytosis. 

During feeding activities in an infected wound the larvae ingest, with the 
macerated and liquefied tissue elements, bacteria contaminating the wounds and 
the toxins liberated by such bacteria. ‘There has been considerable conjecture 
regarding the fate of these organisms. Baer (1931) stated that some of the 
bacteria are killed, while others pass through the intestinal tracts in a perfectly 
viable state. Robinson and Norwood (1933), and also Robinson (1933), con- 
cluded from their investigations, however, that the ingested bacteria are digested 
and destroyed within the alimentary canals of the maggots. The writer, through 
a long series of bacteriological examinations of the mid- and hind-guts of sterile 
larvae which had been induced to feed upon agar plates supporting a good 
growth of Staphylococcus aureus, found that few, if any, bacteria pass through 
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the middle portion of the mid-gut in a viable condition. ‘These results confirm 
those of Robinson and Norwood, who stated that the ‘ stomach’ is highly 
infected but that the intestines are free of bacteria, demonstrating that the 
larvae themselves destroy at least a certain proportion of the etiologic agents. 

Histological examinations of longitudinal sections, cut from 8 to 10m in 
thickness, of the mid- and hind-guts of sterile larvae which had been induced 
to feed upon agar plates supporting a good growth of Staphylococcus aureus 
showed, however, that bacteria, which have not undergone dissolution, are 
present up to, and including, the hind-gut, and that the number of such bacteria 
is as great in the rectum as in the proventriculus. 

From these two experiments it is concluded that the bacteria are killed in 
the intestines of the larvae but not by a process of true digestion, since they 
do not undergo dissolution. ‘The question of how these bacteria are rendered 
non-viable presents itself. 

The fact that the bacteria are not lysed argues against the presence of a 
bacteriophage in the intestines and, as mentioned in an introductory paragraph, 
several investigators, including the writer, have failed to find, after careful 
testing, any evidence of such a bacteriophage. 

Since the bacteria do not undergo dissolution in the intestinal tract of the 
maggot it may be inferred therefrom that some bactericidal substance is present. 
As Hobson (19326) has pointed out, it is most remarkable that the intestinal 
flora of the posterior part of the guts of Lucilia larvae, under natural conditions, 
is so extremely limited. He constantly found non-lactose-fermenting bacilli in 
large numbers, but the common saprophytic organisms were absent, which is 
most surprising in view of the nature of their food. Duncan (1926) found a 
thermostable bactericide in the guts of certain insects, including house-flies. 
Hobson made preliminary tests for the presence of this substance in Lucila 
larvae with inconclusive results; and the writer, carefully following Duncan’s 
technique, failed completely to find any substance acting as a true bactericide 
against Staphylococcus aureus, although the substance described by Duncan was 
active against staphylococci. Hobson (1932a) concluded that probably many 
of the ingested bacteria are killed in the acid region of the middle portion of 
the mid-gut, and that only organisms adapted to this particular environment 
develop in the alkaline environment posterior to this segment. 

Kowalevsky (1889) mixed litmus with the food of Musca larvae and thereby 
determined that the gut contents were alkaline except in one region in the 
middle portion of the mid-gut, where the reaction was strongly acid. Weinland 
(1906) reported that the contents of the mid-gut of Calliphora larvae were 
generally alkaline in the anterior portion, weakly or strongly acid in the middle 
portion, and weakly alkaline in the posterior portion. The results of these two 
investigators have been confirmed in Lucilia larvae by the careful and thorough 
investigations by Hobson (1931a). 

Owing to the small diameter of the lumen of the intestine, this latter investi- 
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gator found it impossible to determine the reaction except by adding indicators 
to the food and observing subsequent colour-changes along the gut. As he 
points out, the results can only be regarded as approximate, since the tints cannot 
be compared accurately and the presence of protein may cause errors. Hobson 
found the reaction of the crop contents to be the same as that of the food upon 
which the maggot had been fed: when the food was decomposing meat (and 
the same would be true in larvae feeding in an osteomyelitis wound), the reaction 
was alkaline, the pH ranging from 7:5 to 8-0. In the anterior portion of the 
mid-gut, the pH varied from 6-5, when the larvae had fed upon fresh neutral 
gelatine, to 7:5, when they had fed upon decomposing meat, and the same 
should be true when they feed in an infected wound. He reported the contents 
of the middle portion of the mid-gut to react acid to methyl red, congo red, 
bromcresol green and bromphencl blue. Gunzberg’s test proved negative, but 
Hobson felt that, owing to the minute amount of material available for testing, 
the failure of this reaction was not entirely conclusive and that it probably 
indicated the absence of free hydrochloric acid and a reaction more alkaline 
than pH 3-0. Since the result with indicators showed that the pH is not more 
alkaline than 3-5, it was concluded that the most probable value for this region 
is pH 3-0 to 3-5. Hobson found that the reaction in the posterior portion of the 
mid-gut was always alkaline but that it varied with the position of the food in 
this region; the alkalinity generally increased towards the hind-gut. ‘The 
extreme values which he obtained were pH 7-3 and 8-4; usually it was about 
8-0. No gradual change could be observed between the acid region and the 
alkaline region because but little food was present in the intermediate zone. 
‘The contents of the hind-gut were shown to have a pH value of about 8-0 to 8:5, 
being alkaline to phenol red and cresol red and acid to phenolphthalein. Hobson 
(193la, 19325) concluded that, since pepsin is not present in the mid-gut, the 
acid reaction in the middle portion does not assist directly in the digestive 
process, but that the function of the acid secretion is probably bactericidal. 

The writer conducted a series of experiments, using MclIlvaine’s buffer 
solution, as given by Britton (1929), to determine the effect on Staphylococcus 
aureus of an acid medium with a pH value of from 3-0 to 3-5. Active growths 
of the bacteria were placed in the buffer solutions and kept there for the lengths 
of time recorded in the following ‘Table at a temperature of 30° C., since this 
appears to be the minimum temperature of an infected wound. ‘Then samples 
from the solutions were plated on nutrient agar and incubated for 24 hours. 

Thus it appears that most of the staphylococci ingested in an osteomyelitis 
wound by the blow-fly larvae are killed by the acid in the middle region of the 
mid-gut, since the food is retained in that portion of the intestine for a greater 
length of time than that demonstrated to be sufficient for killing at the reactions 
recorded above. 

The low positive readings of a single -+ in the buffer solution with a pH 
value of 3-2, as shown in the following Table, may possibly be due to an acid 
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coagulation or agglutination which would tend to prevent a few of the bacteria 
from being killed. 

It will be noted that some of the bacteria are killed even upon exposure to 
a reaction of pH 3-5 for half an hour. 

As mentioned in an introductory paragraph, it seems certain that a con- 
siderable quantity, at least, of the bacterial exotoxin liberated by the etiolcgic 
agents is ingested during the feeding process of the maggots in the wound. 
This exotoxin destroys both phagocytes and normal tissue cells, and its deactiva- 
tion or destruction would be most important. ‘The writer (Stewart, 1934) 


TABLE 


Showing effects of various buffer solutions on S. aureus at 30° C. 





Time allowed for action of buffer solutions on bacteria 














pH : | 
4 hour | 1 hour 14 hours 2 hours | 24 hours | 3hours | 4 hours 
3-5 +++ | +++ | ++ ++ ++ ++ | @)) 
| +t 
3-2 (67) | (39) (17) (3) (1) 2) | 
++ | + + + + + | = 
3-0 (3) (2) | | 
© Lae | oe | cee cae a ere 
| | 











++-+-+ = 200-300 colonies (as indicated by controls). 
++-+ = 150-200 colonies. 
++ = 50-100 colonies. 
+ = 1-50 colonies. 
Arabic numerals in parenthesis = actual number of colonies. 


formulated the working hypothesis that this substance may possibly be a poly- 
peptid or an amine, and, still retaining this unproved hypothesis, it seems quite 
possible that the toxin is deactivated in the acid region of the mid-gut, and 
does not remain long enough in the alkaline posterior region and the hind-gut 
to be reactivated, thereby becoming inert before it gains access to the wound 
again with the excreta. Dr. G. Holmes Richter, of the Department of Chemistry 
of the Rice Institute, has pointed out to the writer that if this exotoxin happens 
to be a complex polypeptid, or protein fragment, it could easily be deactivated 
in the acid region of the mid-gut because the isoelectric point of many such 
substances is in the immediate neighbourhood of pH 3-2; this would cause 
it to throw itself down into an inert compound. It is necessary, however, in 
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view of the present state of our knowledge, to recognize the purely hypothetical 
nature of such a discussion of the fate of the bacterial exotoxin in the 
alimentary canals of blow-fly larvae. 

It is readily seen from the above data that ammonia and tryptase, liberated 
in the excreta of the maggots as a result of digestive activity, play an important 
part in alkalizing the wound and aiding in the ingestion of the necrotic débris, 
and that the ingested bacteria are largely, if not entirely, killed off in the acid 
region of the mid-gut. It is most improbable, however, that the great beneficial 
effect of the larvae is that of killing the bacteria in the intestines, because 
undoubtedly a considerable proportion of the bacteria in the wound are not 
ingested ; more likely to be the chief factors are the alkalization of the wound 
by ammonia and exuded calcium carbonate, the phagocytic specificity of calcium 
ions and the mechanical removal of acid débris. 


GRANULATION WITHIN THE WOUND 


One of the most spectacular results of maggot therapy is the granulation 
of the wound. Baer (1931) described it with enthusiasm and wonderment. 
This profuse and extremely healthy and well-nourished granulation tissue is 
apparently of a type peculiar to maggot therapy, and is characterized by a smooth 
appearance and the possession of a glistening sheen. ‘The writer (Stewart, 1934) 
has produced a macroscopically identical type of granulation tissue by intro- 
ducing into the infected wound an aqueous suspension of calcium carbonate. 
Therefore, it would appear that this remarkable granulation is due to the 
increased pH consequent upon the exudation of calcium carbonate and the 
elimination of ammonia, and possibly, also, to the activity of the calcium ions. 


MYIASIS 


From the above discussion, and from all previous reports on this subject, 
it would appear that maggot therapy is indicated in most, if not all, cases of 
osteomyelitis ; that the prognosis is invariably favourable ; and that there is 
no danger involved in the utilization of these organisms. Unfortunately this is 
not quite true. 

All previous investigators of the use of blow-fly larvae in the treatment of 
infected wounds have believed that Lucilia sericata, L. caesar and Phormia regina, 
the species most commonly used for this purpose, feed only on dead tissue. 
Such is not the case, however. During the course of clinical investigations, 
the writer saw several cases of osteomyelitis being treated with maggots in 
which there was unmistakable evidence that normal vital tissue was being 
attacked by these organisms. One case in particular was that of a girl, 13 years 
of age, with an osteomyelitis of the lower third of the tibia. After several 
implantations of L. sericata larvae, nearly three-fourths of the circumference of 
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the ankle was denuded sufficiently to expose the bones and tendons ; and yet 
from X-ray and clinical examinations it was determined that not much more 
than one-quarter of this area was occupied by necrotic or infected soft tissue. 

Brumpt (1933) expressed his great surprise at learning of the utilization of 
blow-fly larvae in the treatment of osteomyelitis and other chronic infections. 
He cites many historical incidents of blow-fly maggot-invasion of human and 
animal tissues, and adds to these personal observations of such cases and an 
account of his success in establishing experimental myiases with L. sericata 
larvae. Patton and Evans (1929) report that larvae of the same species of blow-fly 
produce terrible myiases, often accompanied by great destruction of tissues, in 
man in China. 

In an attempt to reproduce what was seen in the above-mentioned clinical 
investigations, the writer ventured to create experimental myiases in laboratory 
animals, i.e., guinea-pigs. A piece of skin, extending down to the muscle tissue, 
was removed under strictly aseptic conditions from the dorso-lateral aspect of 
the left hip of each of five guinea-pigs. A considerable area around each wound 
was shaved so that the fur of the animals would not prevent the maggots from 
escaping from the surgical wounds if they so desired. Immediately after the 
excisions, 48-hour sterile Lucilia sericata larvae, from a breeding stock generously 
furnished by Dr. F. C. Bishopp and Dr. G. F. White, of the U.S. Bureau of 
Entomology, were introduced into the wounds. In every case the maggots 
established themselves as rapidly in the sterile wounds, devoid of necrotic tissue, 
as they would in an osteomyelitis wound. In each pig, deep, extensive, multiple 
sinuses were formed by the larvae within a few hours. In one animal the peri- 
toneum was penetrated and viable maggots were recovered from the abdominal 
cavity. ‘The maggots almost invariably worked away from the excised area 
into the muscle underlying the surrounding epidermis. Death resulted to the 
experimental animals without exception. Maggots were also introduced into 
dry wounds, and while they always succeeded in establishing themselves and 
created sinus tracts it was much more difficult for them to do so than when the 
wounds were moist. 

Following this series of experiments, sterile L. sericata larvae were intro- 
duced into a long-established human osteomyelitis wound of the lower tibia, in 
which there was plenty of necrotic tissue, both soft and osseous, though it was 
not immediately accessible. The maggots established themselves very quickly, 
and 24 hours later had destroyed an appreciable quantity of normal tissue. 
Seventy-two hours after implantation, so much normal tissue had been attacked 
and so much damage had been done that the larvae had to be removed from the 
wound ; little if any necrotic tissue had been ingested. 

It becomes perfectly apparent from these experiments that the larvae of 
L. sericata can, and will, establish themselves in and feed upon normal healthy 
tissue. 

Brumpt (1933) stated his belief that there are two biological races of Lucilia 





i350 











456 


sericata, one of which produces larvae that feed exclusively upon necrotic tissue 
and can therefore be utilized in surgical practice, and another which produces 
larvae which are capable of destroying healthy tissue and cannot be surgically 
employed. With this thought in mind, a breeding-stock of L. sericata was 
secured through the kind co-operation of Dr. Roy Melvin, of the U.S. Entomo- 
logical Laboratory in Dallas, ‘Texas, from specimens originally collected in that 
city, and therefore of quite different origin from the material supplied by Dr. 
Bishopp and Dr. White. Larvae from this stock were introduced into guinea-pigs 
in exactly the same way as were those of the first stock, with identical results. 
Consequently, Dr. Brumpt’s belief that possibly the French and Chinese strains 
differ in feeding habits from the American strain must be discarded. 

It had been observed in clinical experience that, when small or moderate 
numbers of L. sericata larvae were introduced into osteomyelitis wounds where 
there was an abundance of necrotic tissue present, the vital tissue was not 
attacked. ‘This indicates a preference on the part of the maggots for dead 
tissue, and an attempt was made to determine the accuracy of such a supposition. 
On the dorso-lateral aspect of the left hip of each of four guinea-pigs a piece 
of skin, extending down to the muscle tissue, was removed, after first shaving 
the entire hip, and a pure virulent 24-hour culture of Staphylococcus aureus 
was introduced. As soon as these wounds had become infected and necrotic 
tissue was apparent, similar but aseptic excisions of equal dimensions were 
effected in the shaven areas. ‘This second series of excisions were separated 
from those of the first series by bridges about half a centimetre wide 
covered by intact epidermis. ‘These new wounds were made as attractive to 
blow-fly larvae as possible by finely shredding some of the muscle tissue. As 
soon as the second excisions were made, sterile 48-hour Lucilia sericata larvae 
were introduced into the uninfected wounds. In every instance the maggots 
crossed the intervening strip of intact epidermis and localized in the necrotic 
tissue of the infected wound within ten minutes’ time, thereby demonstrating 
their preference for necrotic tissue. Ina single guinea-pig, two larvae remained 
crawling about on the surface of the uninfected wound for several hours, but 
they were not observed to feed thereon. 

Hobson (19326) writes : ‘ There appears to be no published evidence as to 
the ability of these larvae [Lucilia and Calliphora species] to penetrate mem- 
branes ; however, their mouthparts resemble those of the Congo floor maggot, 
Auchmeromyia luteola. ‘This blocd-sucking larva can readily bore through 
human skin.’ He further states, however, that in a private communication 
Dr. G. Salt informed him that he had carried out some unpublished experiments 
relative to this possibility at Farnham House Laboratory, and found that Lucilia 
larvae can penetrate the skin of recently killed small animals. ‘The writer 
sterilized a patch of perfectly intact skin on the inner side of his upper left 
fore-arm with alcohol, and then placed seven sterile L. sericata larvae, 48 hours 
old, in a glass vial 2-2 cm. in diameter and 1-4 cm. high, and strapped it tightly 
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over this area with adhesive tape. ‘This was done at 9.30 a.m. ‘The larvae 
were active and somewhat irritating all day. From 9.50 p.m. that night until 
12.40 a.m. the next morning, considerable pain was suffered. By 1.0 a.m. 
sleep was possible. Upon arising the next morning, it was observed that the 
larvae had penetrated the skin, and blood could be seen in the alimentary canal 
of each maggot. ‘These organisms were allowed to remain upon the arm until 
the second morning, with only occasional sharp twinges of pain being experienced 
during the second day. During the latter part of the second day, they became 
less active because of a depletion of the oxygen supply in the vial, and by the 
following morning they were all dead. When the vial was removed from the 
arm it was observed that the larvae had made a hole 1-5 mm. wide and 3 mm. 
deep through perfectly intact epidermis and vital subcutaneous tissue. ‘There 
was a considerable quantity of bloody serous liquid around the edge of the vial, 
and the maggots had grown | mm. in length. 

Phormia regina, Wohlfartia nuba and Lucilia caesar are the three other 
species of blow-flies whose larvae are used more or less commonly in the treat- 
ment of osteomyelitis, and it is probable that they are quite as potentially 
dangerous as are the larvae of L. sericata. Dr. E. W. Laake and Mr. H. E. 
Parrish, in a recent, as yet unpublished, paper,* reported Phormia regina as an 
important myiasis-producing Calliphorid in cattle in ‘Texas, and indicated that, 
while the wounds in which these larvae are found are usually infected, it is quite 
likely that they may, at times at least, attack vital tissue. From what information 
the writer has been able to gather elsewhere, this seems to be particularly true 
where sheep are concerned. ‘The fact that Wo//fartia nuba larvae will attack 
healthy vital tissue is pointed out by Grantham-Hill (1933) in his statement 
that if too many are placed in an infected wound they destroy a certain amount 
of living tissue at the edges of the wound when the available dead tissue has been 
exhausted. ‘The habits of L. caesar are so close to those of L. sericata that we are 
probably safe in assuming that they too will attack vital tissue if necrotic tissue 
is not immediately accessible. 


CONCLUSIONS 


From the investigations, both of the various authorities cited and of the 
writer, described in this paper the following conclusions may be drawn : 

1. L. sericata larvae are beneficial in osteomyelitis wounds because they 
ingest, by means of macerating mouth-hooks and excreted tryptase, acid- 
forming and bacterial-growth-supporting necrotic tissue ; because most, if not 
all, of the bacteria ingested with the necrotic tissue and pus are killed by the 
acid in the middle portion of the mid-intestine ; because they alkalize the wounds 





”* Species of Calliphoridae Concerned in the Production of Myiases in Domestic 
Animals,’ presented at the sixth annual meeting of the Texas Entomological Society held in 
Houston, Texas, on January 26th-27th, 1934. 
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by means of excreted ammonia and calcium carbonate, and thereby reduce 
swelling, consequently increasing drainage and decreasing bone destruction, 
and protect the tissue cells from autolysis ; because the exuded calcium carbonate 
stimulates phagocytosis ; because the bacterial exotoxin is probably rendered 
inert by the acid condition of the middle region of the mid-gut ; and because 
they promote the growth of healthy granulation tissue apparently by either 
raising the pH of the wound or by the activity of the exuded calcium ions, or 
both. All these factors acting together render the application of blow-fly 
larvae to such infections efficacious. 

2. L. sericata maggots will attack vital normal tissue unless necrotic tissue 
is immediately available, and they can penetrate intact healthy epidermis. ‘They 
prefer necrotic tissue, however. 

3. ‘The larvae of L. caesar, P. regina and W. nuba are probably as potentially 
dangerous as those of L. sericata. 

4. Whereas these organisms play an important therapeutic réle, they must 
be utilized with care by an experienced individual. 


SUMMARY 


According to the investigations of Hobson (193la, 19316, 19326) and 
Mackerras and Freney (1933), blow-fly larvae are able to ingest necrotic tissue 
by the macerating activities of the mouth-hooks and by predigestion effected 
by tryptase present in the excreta which is active at an alkaline reaction. 

Such alkalinity is effected by ammonia in the excreta and by calcium 
carbonate exuded through the body wall. ‘The alkaline reaction is important 
not only in activating the tryptase, but also in reducing the swelling of the soft 
tissue, thereby increasing the rate of drainage from the infected wound and 
consequently decreasing bone destruction, and in counteracting the acid condi- 
tion which promotes autolysis of the tissue cells. 

The exudation of calctum carbonate is also important because calcium ions 
possess a marked specificity for phagocytosis. 

Bacteriological tests for the presence of viable bacteria in the mid- and 
hind-guts of larvae after they have been fed upon pure cultures of Staphylo- 
coccus aureus, the most common causative organism of osteomyelitis, gave 
negative results, but histological examination showed these organisms to be 
present in large numbers, without any evidence of their having undergone 
dissolution, throughout these regions. Hobson (1931la, 19326) showed that the 
middle region of the mid-gut of L. sericata larvae has a reaction of from pH 3-0 
to 3-5. ‘Tests reported in this paper show that S. aureus is killed completely 
after 4 hours’ exposure to MclIlvaine’s buffer solution with a reaction of pH 3-2 
—which is apparently well within the time limit usually spent by food in this 
region of the intestine—and is almost completely killed after an exposure of 
lJ hour. No bacteriophage has been found in the maggots. 
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Destructive bacterial exotoxin liberated into the wound is undoubtedly 
ingested by the larvae feeding therein, and is probably rendered inert by the 
direct action of the acid present in the mid-gut or by virtue of the possession of an 
isoelectric point at, or close to, pH 3-2. 

The marked healthy granulation of wounds treated with blow-fly larvae 
is apparently due either to an alkaline pH or to calcium ion activity, or to both. 

Extensive myiases were readily developed experimentally in both guinea- 
pigs and humans with L. sericata larvae, although it was determined that they 
have a strong perference for necrotic tissue over normal healthy tissue, provided 
that it is immediately accessible. Brumpt’s (1933) suggestion that American 
strains of L. sericata larvae feed exclusively upon necrotic tissue, while those of 
French and Chinese strains will feed upon normal tissue, was not substantiated, 
because two different American strains were found to feed readily on healthy 
tissue. It was further demonstrated that these maggots are capable of pene- 
trating healthy perfectly intact human epidermis. Probably the larvae of 
Wohlfartia nuba, Phormia regina and Lucilia caesar are as potentially dangerous 
to normal tissue as are those of L. sericata. 
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To obtain accurate figures when dealing with malignant disease among 
natives of the West Coast of Africa is difficult, and only a crude comparison 
of the types of neoplasm encountered can be hoped for. In many instances 
the specimens received for examination were unaccompanied by any clinical 
data. In many, however, the age, duration of lesion, site of tumour and clinical 
diagnosis were given. ‘The age, in such people as we are here dealing with, is 
largely a matter of personal judgment, since no accurate birth records are 
available. ‘The age of children up to 10 years can usually be estimated with fair 
accuracy, and in most instances where such young natives were under observa- 
tion the age was definitely stated. ‘The age of natives of from 10 to 20 (20 being 
taken as the age of an adult) is again relatively easy to estimate. Beyond this 
limit, unless the information can be gained from the patient and can be regarded 
as trustworthy, any estimation of age must be hazardous. ‘The site of the 
tumour, when stated, constitutes accurate information, and in only 25 specimens 
was this important detail omitted. ‘The determination of the duration of growth, 
since it depends for the most part upon the patient, is also open to gross error. 
The utmost care has been exercised in connection with the histological diagnosis 
of the neoplasms, and in all doubtful or unusual specimens a further opinion 
has been sought. It has been the general impression within recent times that 
the dark-skinned races are not so prone to contract malignant disease as those 
of lighter hue. Hoffman (1915), referring to Renner’s appendix to the annual 
report on the medical department of the Colony of Sierra Leone for 1909 
says: ‘ When every reasonable allowance is made for the want of accuracy 
and completeness in the available returns for the African continent, it would 
seem safe to assume that cancer is of a relatively very low degree of frequency 
in African countries, even among the white population of European origin, and 
that among the native population, as a general rule, malignant disease is extremely 
rare.” Fouché (1923) did not see a single case of cancer in a native during 


* The cost of publication of this paper was in part defrayed by the Colonial Medical 
Fund. 
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634 years’ residence among a population mainly composed of Basutos. A 
vegetarian diet has been suggested as a possible explanation of the supposed 
freedom of black races from cancer ; but, as Prentice (1923), speaking of Nyasa- 
land, points out, the negro will eat all the meat he can get, whether still-warm 
prey or full of maggots, and he is only a vegetarian of necessity. He further 
states that the one circumstance ever present to the civilized man but absent 
from the philosophy of the negro, is worry. He tentatively suggests that if 
there be some negro-immunity from malignant disease this may be a factor. 
Civilization of the Africans, with the adoption by them of European customs, 
has been regarded by some as causing an increase in the cancer-rate among 
them ; but Adler and Cummings (1923) wisely remark that ‘ Europeanisation, 
Whether or not it were conducive to the spread of malignant growths, would 
certainly be responsible for intelligent natives afflicted with them consulting 
medical officers. ‘Thus civilisation may be wrongly blamed for the spread 
of the disease, when it is only responsible for its diagnosis.’ ‘The same authors 
quote Renner (1910) as having stated that cancerous and other malignant 
growths have been increasing among the Creoles of Sierra Leone, but that they 
were rare or absent in the aboriginal. ‘They record the fact that the Fantis 
of the Gold Coast have been in contact with Europeans for centuries and that 
malignant growths are rare or absent among them, because they have resisted 
the inroads of civilization. Finally, they record seven cases of malignant 
disease, five of which occurred in aboriginees and two in Creoles. Sharp (1923), 
writing of Nigerian natives, states that carcinomas are rare, differing in this 
respect from sarcomas—this fact holding good even among the coastal towns 
of West Africa. Blair (1923) states that he never saw a case of carcinoma or 
sarcoma during his 22 years’ sojourn in Nigeria. He further says that the 
occasional carcinomas found by medical men in the coastal regions occur chiefly 
in natives who have come into contact with Europeans. Macfie (1922), writing 
from the Gold Coast, is of the opinion that tumours are probably as common 
there as elsewhere, and that sarcomas appear to be rather more common. 

If conclusions may be drawn from the small number of cases set forth 
in the present article, it would seem that there is no scarcity of malignant disease 
among Africans. ‘The age incidence of certain types of tumours seems, more- 
over, to be earlier than among Europeans. It should be mentioned that the 
cases recorded are not collected entirely from the larger towns, such as Lagos, 
but have come from all over Nigeria, wherever a medical officer has penetrated. 
We venture to think that, as contact of medical officer with natives increases, 
so will their trust be gained, and as they gradually become weaned from their 
inherent beliefs in witchcraft and native medicine, they will consult the doctor 
more and more frequently, with a resulting increase in the number of malignant 
neoplasms recorded. Snijders and Straub (1924) in their paper on the cancer 
problem in the tropics aptly suggest that, instead of asking why malignant 
tumours are, in general, rare in the tropics, it would be more correct to question 
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why the site incidence of the malignant tumours is quite different from that in 
Europe. 

With regard to sex, it would be useless to attempt any comparison between 
male and female as regards relative frequency of malignant disease, since even 
at the present time men attend hospital much more frequently than women. 
It is mainly due to the excellent propaganda work of the maternity and child- 
welfare centres that women are tending to make increasing use of medical aid. 
The opening up of roads and more rapid forms of communication between 
towns and outlying stations have helped to place the laboratory service more 
at the disposal of the medical officers, so that accurate diagnosis of specimens 
should become increasingly easy. ‘The tumours analysed in this report represent 
the material received during the last eight years, and may be taken as a fair 
representation of the type of tumour met with in Nigeria, since they have 
emanated from all parts of that country. 

An attempt has been made to classify the tumours, firstly, morphologically, 
and secondly, regionally, with a short note upon age incidence. ‘The main 
types of neoplasm recorded are commented upon, as also are some of the more 
interesting cases. ‘Tumours of the liver, maxilla and mandible, the long bones, 
salivary glands, female genitals, orbit, testis, brain and urinary bladder are 
discussed in greater detail. 


An analysis of the tumours according to type is shown in ‘Table A. 




















TABLE A 

T'vpe No. Percentage 
Carcinoma 225 45-0 
Sarcoma 220 44-0 
Mixed parotid 1s 3°6 
Endothelioma 17 3-4 
Adamantinoma 13 2-6 
Cylindroma 2 0-4 
Perithelioma 2 O-4 
Teratoma ... 0s 2 O-4 
Chorionepithelioma | 0-2 

D00 
The carcinomas have been subdivided into :— 

Type No. Percentage 
Glandular... 155 31-0 
Squamous... 63 12-6 
Basal-cell ... 7 1-4 
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The sarcomas have been subdivided as follows :— 











‘Type | No. | Percentage 
Round-cell “— ies 101 20-2 
Spindle-cell ne ioe 41 | 8-2 
Melanotic ... ee “s- | 40 | 8-0 
Kaposi tumour ... ee 10 | 2-0 
Myosarcoma aes ae i) | 1-8 
Myeloid... ne ma. 9 | 1-8 
Gliosarcoma js ae 3 0-6 
Mixed-cell ns oF 3 | 0-6 
Osteosarcoma ek ar 3 | 0-6 
Alveolar... au wee | | Q-2 


No case of hypernephroma has been recorded. 

Irom the above summary it becomes evident that the neoplasms are fairly 
evenly divided between the two main types of malignant disease. Had the 
melanotic sarcomas been classified separately as melanomas, the tumours of 
epithelial origin would have gained the ascendancy. In order that a rough 
idea of the regional distribution may be obtained, the following ‘Table (‘Table B) is 
given :— 

TABLE B 











Site No. Percentage 
Skin... si wap bed oe oe cane iat ok 94 18-8 
Lymph-glands ick oe bas cine ae ei beck 60 12-0 
Liver — is ati path “ or se isa 55 11-0 
Bones sheds _ whi bas ne an cae oe 49 9-8 
Female genitalia ... iat me — oe a — 34 6:8 
Orbit ce _~ ae nate pee a rai es 30 6-0 
Parotid region ive ioe oe ve ar ies _ 29 5:8 
Breast ies she oe ae er _ pes va 29 5:8 
Limbs ae Ws ine sigs 33 4:6 
Alimentary tract (excluding stomach) ... eh — sae 11 2-2 
Face... Ss 1-6 
Testis ; a a ne — wis vais a 8 1:6 
Hand est ded ae — at sas sail sie 7 1-4 
Stomach, scalp and prostate, each 4 0-8 
Mouth, pancreas, thyroid and axilla, each ee 3 0-6 
Bladder, chest, palate, back and shoulder region, each 2 0-4 
Gall-bladder, brain, lungs and tongue, each ] 0-2 
Unspecified ass as ets ea a ns aa 25 5-0 
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Further investigation of the 94 skin tumours reveals the fact that by far the 
greater proportion (39) originated in the foot. ‘lhe bone tumours are sub- 
divided regionally as follows : maxilla or mandible, 28 ; long bones, 12 ; rib, 3; 
scapula, 2; skull and hand, | each ; unspecified, 2. No tumour of the pharynx 
and only one oesophageal growth is recorded. In consideration of the small 
number of cases under review it is idle to speculate as to possible reasons. 
Degorce (1914) comments upon the rarity of malignant tumours arising from 
these situations among the Annamites. 


AGE 


Twenty-nine, or 5-8 per cent., of the tumours examined occurred in children 
under ten years of age. Of these, no less than 10 were round-cell sarcomas of 
the orbit. Probably many of these growths had their origin in trauma, since 
injuries to the eye are notoriously common among natives. Included amongst 
these neoplasms is a round-cell sarcoma of the shoulder in a female child aged 
nine months ; an adenomyosarcoma of the kidney in an infant aged three ;_ two 
primary carcinomas of the liver in children aged four and six ; a lymphosarcoma 
of the mediastinum in a child aged three ; one of the abdomen in a child aged 
four ; and one of the axillary glands in a youth aged six. Further, this age group 
includes two sarcomas of the testis in boys aged six and seven respectively, 
and a round-cell sarcoma of the ovary in a girl aged eight. ‘The next age group 
(10 to 30) includes 57 tumours. ‘The number of eye tumours has diminished 
to 3, whereas tumours of the parotid now total 13. Eight tumours of the jaw 
are noted, as are also eight liver tumours and one chorionepithelioma of the 


uterus. 


CARCINOMA 


Squamous carcinoma 


The number of these tumours recorded is 70 (including 7 basal-cell 
tumours). Of these, 33 originated in the superficial epithelium, including 8 
carcinomas of the face and 3 basal-cell growths in the same region. Included 
also are 3 epitheliomas of the scalp, of the foot and of the female external 
genitals ; 5 ulcers of the limbs; 2 of the penis and 1 of the scrotum ; and 
2 tumours of the breast region. Both the latter were ulcerated growths, 
and in one part of the squamous epithelium showed histological changes sugges- 
tive of Paget’s disease. In view of the supposed rarity of cutaneous epitheliomas 
in negroes, these figures are worth noting. Hopkins and van Studdiford (1934) 
state that ‘ Conversations with dermatologists who have clinics attended by 
Negroes in other cities have confirmed our belief that cancers of the skin rarely 
if ever occur in Negroes.’ A tumour of the finger merits attention inasmuch 
as the history is suggestive of a possible occupational factor in connection with 
the aetiology of the condition, The following notes are derived from clinical 
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data supplied by Dr. Hope-Gill. The patient, a native of Northern Nigeria, 
aged fifty, had been an indigo-worker for many years. He had suffered from a 
vesicular rash on the hands from time to time, the eruption appearing in clusters 
and each attack lasting about three weeks. A year prior to examination the 
patient pricked one of the vesicles upon the end of his little finger. ‘The minute 
lesion developed into an ulcer, and the surrounding tissues became infiltrated, 
the end-result being a large mass the size of a duck-egg. ‘The mass was found 
to be hard, fungating and painless. In section, the growth was found to be a 
squamous cancer. 

The squamous carcinoma of the oesophagus occurred in a male aged 
seventy. Histologically, there was well-marked ‘ pearl’ formation. Of the 
155 adenocarcinomas, 48, or 30-96 per cent., had their origin in the liver. Next 
in frequency came tumours of the breast, to the number of 25. Six adeno- 
carcinomas of the parotid region are recorded. ‘Three of the breast tumours 
occurred in young male adults ; in two of them the histological appearance was 
that of an actively proliferating medullary carcinoma of low maturity. In one 
case, enlarged glands (axillary) were present, the enlargement being due to 
secondary deposits. ‘The third case differed histologically from the other two 
in being cystic in type with papilliferous ingrowths, the degree of infiltration 
being slight. ‘The remaining carcinomas of the breast, with one exception, 
occurred in adult female natives whose age, stated in only five instances, varied 
from 30 to 60 years. In the one case (reported by Dr. Davidson), the 
patient was a girl aged fifteen, who gave a long history of illness. "The condition 
was symmetrical. In section, scanty isolated alveoli lined with cubical 
epithelium were present, surrounded by cells having large spherical or oval 
hyperchromatic nuclei with indistinct cell bodies. These cells tended generally 
to form sheets, but in many places attempts at alveolar formation were observed ; 
mitoses were numerous. It is difficult to know whether the tumour should have 
been interpreted as an anaplastic carcinoma or as an adenosarcoma. 


SARCOMA 
Melanotic sarcoma 


Of the 40 melanotic sarcomas, 30 had their site of origin in the foot, 
suggesting a relationship to external injury. In 5, secondaries were present 
in the groin glands. In one case (Dr. Hunter’s) secondaries were present in the 
ribs. ‘The patient is stated to have come complaining of pain in the chest, 
and on examination a spontaneous fracture of the fifth rib occurred. At operation 
it was found to be the seat of a dark haemorrhagic-looking tumour mass. ‘The 
sixth rib on the same side was similarly involved. Further examination revealed 
the presence of a fungating ulcer on the sole of the foot, which the patient 
claimed to have been present for eight years. ‘The histological diagnosis was 
unquestionably melanotic sarcoma. None of these pigmented tumours occurred 
in young people, the average age lying between thirty-five and forty-five. 
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Morbid histology 

These tumours presented a wide histological variation. In some, the 
structure was frankly spindle-celled throughout, the characteristic pigment 
being present within and around the tumour cells. A whorled arrangement 
of the cells was present in a few of the tumours, and a coalescence into dense 
partially-degenerate masses was of frequent occurrence. Many of the tumours 
presented areas composed of polygonal or spheroidal epithelial-like cells, having 
large sharply delineated vesicular nuclei and well-defined large nucleoli. In 
such areas the component cells were arranged in the form of compact alveoli 
or tubules. Pigment was frequently absent from these zones, but not invariably 
so. In a few of the tumours studied, the epithelial-like cells were arranged 
in closely packed masses so that, were it not for the presence of pigmented 
spindle-cells in the surrounding stroma, the appearance would have been similar 
to that of a medullary carcinoma. In two of the melanotic tumours the structure 
was akin to that of a squamous carcinoma of low maturity. ‘The cells were large, 
irregularly polygonal with extreme variation in individual size, and were arranged 
in uneven masses and columns. Amitotic nuclear division, resulting in syncytial- 
like multinucleate masses, was a marked feature. ‘The protoplasm of such 
aberrant cells was for the most part replete with the characteristic pigment 
granules, but small groups were present which were devoid of pigment. 
Vacuolation was marked in these cells. In two instances in which secondaries 
were examined this irregular epithelial-like cell formation was a noticeable feature, 
and here also the pigment was, in general, confined to the surrounding stroma. 
An appearance suggestive of perithelioma was noticed in one instance. _ I nfiltra- 
tion of the surrounding tissues was well marked in all the tumours seen. From 
the foregoing account one feels that perhaps 1t would have been more accurate 
to have classified these tumours under melanomas or even to have subdivided 
them into melanosarcoma and melanocarcinoma. ‘The fact, however, that so 
great a degree of variation should exist in the same section, if not in the same 
low-power microscopic field, suggests that further subdivision is unnecessary. 
Kettle (1925) stresses the variability of melanotic tumours in general, and his 
descriptions are very similar to those recorded here. Ewing (1928) remarks 
upon the carcinomatous appearance of secondary melanotic tumours. 


Myosarcoma 

Included amongst this group of nine tumours is an interesting growth of 
the kidney in a female child aged three years. ‘The patient, on examination 
by Dr. Hunter, was found to be emaciated and had a large swelling visible and 
palpable in the right side of the abdomen. An exploratory incision was made 
and a large tumour was found originating from the right kidney and almost 
filling the abdominal cavity. On removal it measured 12 inches by 10 inches 
by 9 inches. No record of weight was given. ‘The child died 24 hours later. 
Examination of the portion of the tumour forwarded revealed the characteristic 
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structure of an embryonal kidney tumour similar to that portrayed by Ewing 
(1928). Closely-packed round or vesicular cells, with large granular nuclei 
and scanty cell bodies, formed the main ground-work of the tumour. Embedded 
in this tissue were numerous acinous-like structures, arranged singly or in groups, 
and composed of high columnar cells. Some of these pseudo-tubules contained 
a granular secretion. An occasional acinus showed papillary ingrowths into the 
lumen. Invasion of the kidney tissue was active and extensive. Permeating 
the ground-work of the neoplasm in an irregular manner were bundles of fibres 
having pale-staining, elongate, bluntly pointed nuclei. ‘These fibres stained 
yellow with van Gieson’s method, in distinction to the intense pink reaction 
of the stroma tissue proper. No striation was visible. ‘The remaining tumours 
of this class include one myosarcoma arising from the rectus muscle, one from 
the shoulder region, one from the triceps, one from the suprascapular area and 
one from the testis, all occurring in male adults. ‘(he tumour from the supra- 
scapular region was described by Dr. Wilson as being mushroom-shaped. ‘The 
patient gave a history of injury with a stick two months previously. ‘The growth 
presented a coarsely nodular surface and had invaded the skin, causing ulceration. 
The surface was very vascular and bled freely. No palpable glands were 
present. A somewhat striking microscopical picture was presented, particularly 
at the periphery, where the voluntary muscle fibres were irregularly arranged, 
finally becoming disintegrated into homogeneous masses of eosinophilic proto- 
plasm containing one or several peripheral nuclei. Irregular mitoses and 
amitotic division figures were common, and resulted in rounded stellate or 
elongate hyperchromatic nuclear masses. ‘Towards the centre of the tumour, 
masses of closely packed spindle- or ovoid-shaped cells were present, varying 
greatly both in size and in the degree of nuclear variation. Faint cross-striation 
was observed in some of the cells when stained by the Heidenheim method. 
They also stained well with van Gieson’s method. ‘The tumour was densely 
infiltrated throughout with polymorphonuclear cells, presumably as a result 
of sepsis following upon the superficial ulceration. ‘The appearance in general 
closely resembled the illustration in Ewing (1928). ‘The tumour of the testis 
was described by Dr. Henshaw as being hard and spherical. ‘There was a history 
of six months’ duration. On removal it was found to weigh 14 0zs. The 
structure varied, in the main simulating that of a fibrosarcoma, whilst here and 
there were regions composed of giant cells and irregular spindle and ovoid forms, 
similar to those described in connection with the suprascapular tumour. 


Kaposi tumour (multiple haemorrhagic sarcoma) 


Ten, or 2 per cent., of all the sarcomas belonged to the type known as 
multiple idiopathic pigment sarcoma. Macleod (1920) is of the opinion that 
Kaposi included at least two conditions in his description: (1) ‘ A malignant 
affection causing death by metastases’; (2) ‘ A much more benign condition 
affecting the extremities, especially the legs in men, in which the growths were 
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capable of disappearing spontaneously, did not give rise to metastases in neigh- 
bouring glands or internal organs and did not naturally interfere with the general 
health.’ Macleod regards the latter as being possibly of angiomatous origin. 
‘The cases seen in Nigeria would seem to fall into this second group, though it is 
impossible to dogmatize, since the patients were not under observation for a 
sufficiently long period to rule out the possibility of secondary deposits develop- 
ing. ‘The patients were all males over thirty years of age, and the condition 
affected primarily the extensor aspect of the legs. In one of the cases the 
scrotum was also involved, and in another the extensor aspect of the hand showed 
commencing nodule formation. In appearance the nodules were initially 
discrete, varying in size from a pea to larger flattened masses. ‘Their surfaces 
were smooth and the growths were soft in consistency, bleeding freely when 
incised. In the advanced cases the nodules were more numerous and co- 
alescence occurred. Ulceration was present in two cases. ‘The appearance is 
figured by Smith (1932) and by Ewing (1928), the latter giving an excellent 
example. In all of the cases seen, the lesions were symmetrical though not 
necessarily of equal intensity in both limbs. Histologically, the findings have 
been uniformly characteristic ; they were that of a spindle-cell sarcoma with 
numerous dilated blood vessels and showed a mild infiltration with plasma and 
round cells. Scattered haemorrhages were a feature of the microscopic picture. 
Mitoses were scanty but invariably present. ‘Those affected did not seem to 
suffer from impaired general health, but in two instances pain and discomfort 
generally was brought on by prolonged standing or walking. Justus (1910) 
describes the experimental reproduction of the condition in white mice by 
subcutaneous inoculation of an emulsion of the sarcoma. Similar experiments 
made with the local variety of the tumour have been unsuccessful. Kaufmann 
(1922) notes the use of the term ‘ sarcoid ’ in connection with this form of tumour 
as implying its intermediate position between granuloma and sarcoma, and 
remarks that the composition of the tumour, which is made up of round and more 
especially spindle-cells, favours the designation sarcoma. 

There remain four examples of sarcoma which deserve mention. One, 
described by Elmes (1932), was an abdominal lymphosarcoma producing 
enormous increase in the size of the spleen from the results of prolonged 
obstruction of the splenic vessels. 


The patient, a woman about 50 years of age, was first admitted to hospital with a history 


of abdominal pain for 1 year and, more recently, loss of weight and the appearance of a 
swelling in the left side of the abdomen. Laparotomy revealed the tumour as a greatly 
enlarged spleen extending down into the pelvis. No enlarged glands were noticed, and the 
abdomen was closed without further interference. Four months later the patient was 
re-admitted in an extremely emaciated and cachectic condition with considerable enlarge- 
ment of the splenic tumour. Vaginal examination revealed an indurated mass filling up 
the pelvis, and there was pressure oedema of the left leg. Death took place 5 days after 
admission. At autopsy the abdomen was found to be occupied by the greatly enlarged 
spleen and masses of glands matted and fused together. The glandular tissue presented 
a white homogeneous appearance and was firm to the touch. It occurred in large masses 
in the pelyis and around the hilum of the spleen, and in more discrete nodules throughout 
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the abdomen. The stomach, intestines, spleen and pelvic organs, though partially fused 
with the neoplastic tissue, were not visibly infiltrated. 'The pancreas, on the other hand, 
showed extensive invasion. The spleen weighed 53 lbs. Its cut surface was of deep purple 
colour, firm in consistency and with unduly prominent malpighian bodies. At the lower 
pole there was a large irregular infarct-like area. ‘The splenic vein, involved in the tumour 
mass, was compressed and thrombosed. Microscopic sections of the neoplastic tissue 
showed the structure of lymphosarcoma of the reticulum-cell type. The histological 
appearance of the degenerate area in the spleen was that of an old infarct. 

The second example, a primary sarcoma of the gall-bladder, has been recorded by 
Pearse (1929). 'The patient, a male, was aged approximately 30, and was admitted com- 
plaining of pain in the region of the liver. He stated that his illness had commenced 
as a colic and that later he noticed a swelling in the abdomen, most marked on the right 
side. ‘There was no vomiting. On examination the patient was seen to be jaundiced, 
the abdominal muscles were tense, and the area of greatest rigidity and pain was slightly 
above that of McBurney’s point. ‘The liver was enlarged and very tender. The tem- 
perature was 99° F. An exploratory operation was made and malignant disease diagnosed. 
The patient died the same evening. At the post-mortem examination the liver, which 
was found to weigh 90 ozs., was yellowish-white in colour and had two small nodules 
embedded in its substance. ‘The remaining organs, with the exception of the gall-bladder, 
were found to be normal. ‘The gall-bladder was distended with bile-stained mucus and 
was rigid, resembling a miniature leather-bottle stomach in consistency. "There were no 
calculi. ‘The inner surface was rugose and deeply bile-stained. In cross-section, the 
wall of the bladder was thick, firm and of a dull white colour, sharply demarcated from the 
liver substance, except in the region of the bile-duct where it encroached upon the hepatic 
tissue in the form of a firm white outgrowth. In the adjacent lobe of the liver were the two 
white nodules referred to previously ; they were from | cm. to 14 cm. in diameter. Histo- 
logically, the wall of the organ was found to be composed of large round cells, showing 
numerous mitoses and amitotic divisions ; nothing could be seen of the mucous membrane, 
beyond here and there a faintly stained papillary outline. ‘The liver nodules were similar 
in structure. 

A tumour of the testis in a boy aged 5 constitutes the third case of interest. The 
clinical history, supplied by Dr. Williams, stated that all the superficial glands were 
enlarged, the submaxillary being the most marked. ‘The spleen was also greatly increased 
in size. "There were flattened disc-like nodules present in the skin of the legs. The 
glandular enlargement improved under arsenic. ‘The scrotal tumour, as received for 
examination in formalin, was found to be a spherical hard white mass about 6 cm. in 
diameter. In cross-section, the appearance was distinctive, a dark brown central area 
mottled over with white infiltrating nodular areas being displayed. 'The outer zone was 
composed of a dense white homogeneous layer. In section, the condition was regarded 
as being sarcomatous, probably of an embryonic type, but considerable doubt was felt 
as to the exact nature of the tumour, and we quote Colonel Harvey’s report in detail : 
‘ Sections show (a) A malignant melanoma. (6) Ill-staining cells and necrosis. (c) One, of 
several areas with pigment, which shows the pigment within tumour cells (melanoblasts) 
and not in simple phagocytic cells (melanophores). The difficulty lies in the ill-staining 
character of the tissue and the presence of pigment, some of which may even be blood 
pigment. I don’t think there is any doubt that this is tumour. It might be seminoma 
and there are a few collections of lymphoid cells along with the tumour.’ At Colonel 
Harvey’s request, further portions of tissue were sent, on which he kindly reported again as 
follows : ‘ If it had not been for the previous specimen I doubt if I should have diagnosed 
the present specimen as such (i.e., melanoma). At the same time, with the help of the 
previous sections I would adhere to the diagnosis malignant melanoma instead of taking 
this to be—what I might otherwise have called it—an embryonal tumour of the testis.’ 
Sections of one of the skin nodules showed the structure to be that of a dense spindle- 
celled sarcoma, with very occasional mitoses. 

The fourth case was an abdominal sarcoma histologically resembling perithelioma. 
According to Dr. Morrison, the patient was a girl aged 5, and when first seen the abdomen 
was found to contain a tumour-mass reaching to the umbilicus, No pain was complained 
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of, but the child was emaciated and there was oedema of the legs. Six months later the 
child was again seen, when the tumour seemed to fill the abdomen, and at operation a mass 
weighing 7 lbs. was removed, the liver, right kidney and intestine being involved in the 
growth. ‘The histological appearance of the portion sent for examination suggested 
sarcoma of a peritheliomatous type. ‘The growth was composed of round cells clustered 
halo-wise around centrally placed thin-walled blood vessels. ‘The intervening tissue 
showed degenerative changes. ‘The appearance in general closely resembled that of a true 
perithelioma. 


TUMOURS OF THE LIVER 


Forty-eight of the recorded 55 tumours of the liver were carcinomas. Of 
these, 32 were undoubtedly of primary hepatic origin. ‘This number, which is 
6-4 per cent. of the present series, though a conservative estimate, seems to be 
exceptionally high in view of the statistics quoted by Ewing (1928) where 1-3 
per cent. is regarded as being excessive. Cirrhosis was present in 17 of the 
primary carcinomas, being intensely marked in 10. In one case the cirrhosis 
was associated with schistosome infection, the fibrosis being definitely con- 
centrated in the vicinity of the ova. In general, the cirrhosis assumed one of 
three types: firstly, a coarse variety in which the liver tissue was divided up 
into irregular lobules by broad fibrous bands, the organ presenting a ‘ hobnail ’ 
appearance ; secondly, a type in which the cirrhotic areas were localized mainly 
to the region of the bile-ducts, the latter showing marked proliferative tendencies ; 
thirdly, a group in which the fibrosis was almost pericellular in type, small 
groups of liver cells or even individual cells being completely cut off by the 
newly formed granulation tissue, the appearance in general being similar to that 
seen in a Hanot’s cirrhosis. In this type, also, the bile-ducts were noticeably 
active. It is interesting to note that a high percentage of primary liver cancers 
(35 times as frequent as in Europe) has been noted amongst the natives of Balt 
(east coast of Sumatra) by Snijders and Straub (1922). ‘The same authors 
comment upon the association of cancer with cirrhosis. In their experience 
the cirrhosis is nearly always of the Laennec type. Of 79 primary hepatic cell 
carcinomas seen by these authors, 67 were cirrhotic, and they conclude that there 
is a close connection between cirrhosis and primary cancer of the liver. In 
another paper the same authors give a percentage summary of tumours occurring 
among the Javanese, in which neoplasms of the liver figure as high as 55 per cent. 
In the present series the majority of the primary growths originated from the 
hepatic cells ; in only two examples had the growth an unquestionable origin 
from bile-ducts. ‘The ages were available in 21 of the cases: one, a boy, was 
aged four, another, a girl, was aged six, another, sex unstated, was aged thirteen, 
and two males were aged fifteen. ‘Thirteen of the cases were under thirty years 
of age, two cases were aged thirty and one was aged thirty-five. In the case ot the 
male child aged four, Dr. Ross stated that the duration of the condition was said 
to be two months. No history of trauma was elicited. ‘The condition was 
regarded clinically as being suggestive of liver abscess, but at operation a large 
haematoma, partially organized, was discovered. Death occurred three hours 
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later. Microscopic examination showed alveoli, composed of columnar cells, 
lying amongst masses of round cells, irregularly arranged, the appearance on the 
whole resembling the description of an embryonic adenosarcoma of the kidney 
such as that described by Kaufmann (1922). In the second case alluded to— 
that of the female child aged six—no history was available. The histological 
appearance was that of an active primary malignant tumour, presenting a widely 
varying structure and accompanied by marked cirrhosis with proliferation 
of the bile-ducts. ‘The remaining tumours of the liver present little of interest. 
Three round-cell sarcomas are noted (secondary), one primary round-cell 
sarcoma (assumed to be primary, since no other organ or tissue was found to 
be involved) in a boy aged fifteen, and two melanotic sarcomas. 


TUMOURS OF THE MAXILLA AND MANDIBLE 


Forty-nine tumours of bone are recorded, 28 being situated in the region 
of the mouth. Of these, 9 occurred in the mandible, 7 1n the maxilla, and the 
sites of the remainder were unspecified. ‘They can be subdivided according 
to type as follows : adamantinoma, 13 (6 in the mandible, 3 in the maxilla and 4 
in the ‘region of the jaw’); sarcoma, 12; carcinoma, 3. Adamantinoma 
would appear to be a relatively common variety of tumour in the Nigerian native 
and frequently to reach a great size. Le Dantec (1922) describes four cases very 
similar in type to those seen in Nigeria. He regards them as mixed tumours 
of dental origin and comments upon the complete absence of recurrence. 
Histologically, these growths are characteristic, being composed of masses and 
strands of spindle-shaped cells, having an external limiting layer of high 
columnar cells (epithelial odontome of Kettle, 1925). Cystic degeneration of the 
cell masses was frequently observed, the appearance being then identical with 
that portrayed by MacCallum (1931). In one instance, in which the patient was 
a young male adult, the tumour was the size of a tennis ball and had ulcerated 
through the hard palate. A history of six months’ duration was given (clinical 
notes supplied by Dr. Hunter). Microscopically, this tumour, though 
presenting characteristic areas, was mostly composed of groups of actively 
proliferating, flattened, spindle-shaped columnar or polygonal cells, packed 
closely together and having intense staining nuclei with numerous mitoses. 
Infiltration of the surrounding tissues was marked, and the appearance in general 
was comparable to the ‘ epidermoid carcinoma type ’ described by Ewing (1928). 
In another case, that of a female aged twenty-seven, recorded by Dr. Gibson, 
the tumour caused a protrusion of the upper lip to a considerable extent, and a 
history of three years’ duration was obtained. ‘This tumour was definitely 
encapsulated. In section it was typical, being composed of dense masses of 
cells, having a marked tendency to papillomatous formation (possibly due to 
the restraining influence of the capsule). Mitoses were numerous. ‘The 
earliest recorded age for adamantinoma was that of a boy aged fifteen years, 
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all the remainder occurring in adults. Included in the tumours of the mandi- 
bular and maxillary regions are three round-cell sarcomas occurring in boys 
with ages varying from ten to twelve, two myeloid sarcomas in boys aged ten 
and twelve respectively, a carcinoma in a boy aged ten, and an atypical form of 
sarcoma in an adult resembling Selby’s case (previously described under sarcoma) 
in histological structure, but being more active in nature and presenting numerous 
mitoses. 


TUMOURS OF THE LONG BONES 


‘These include three round-cell sarcomas of the head of the humerus, two 
myeloid sarcomas of the head of the radius, a round-cell sarcoma, a spindle- 
cell sarcoma and a squamous carcinoma of the tibia. ‘Vhis latter occurred in a 
male aged forty-five. He was admitted with an extensive ulcer of the leg, 
which had a hard irregular edge and a deeply excavated base. On further 
examination it was found that the tibia had become honey-combed in the region 
of the ulcer base and was riddled with discharging sinuses. Histologically, 
the growth was a typical squamous carcinoma with well-marked pearl formation, 
and had obviously originated in the skin. One round-cell sarcoma is recorded 
of the lower end of the femur in a female aged twenty, of which case Dr. Sybil 
Batley has provided the following notes :---When admitted, the patient com- 
plained of a painful swelling of the knee and gave a history of four months’ 
duration. She was emaciated and exhibited a hectic temperature. On examina- 
tion, a fracture of the lower end of the femur was found associated with a 
haemorrhagic mass extending into the joint cavity. ‘Tumours of other bones 
(seven in number) include a round-cell sarcoma of the metacarpal bones of the 
hand in a male child (exact age unspecified). 


TUMOURS OF THE FEMALE GENITALS 


The 34 tumours of this region comprise 21 cervical, 4 ovarian, 4 uterine, 
2 vaginal, 2 labial and 1 vulvar growth. All were carcinomas, with the exception 
of four, 1.e., a teratoma and a round-cell sarcoma of the ovary, a myosarcoma, 
and achorionepithelioma of the uterus. ‘he latter occurred in a woman aged 
thirty, with a history of one previous pregnancy. When seen, she had had 
amenorrhoea for 13 months, had felt foetal movements at one time, but these 
were alleged to have ceased four months before admission. She was very 
emaciated. On an exploratory operation being made, a large irregular mass 
was found filling the abdomen. It was connected with a smaller mass in the 
pelvis about the size of a five-months’ pregnancy. A macerated foetus (8 
months) was found free in the abdominal cavity. ‘Two weeks later the patient 
developed chest symptoms, had severe haemoptysis and died. ‘lhe sputum 
was negative for acid-fast bacilli. Autopsy was not permitted. (Notes supplied 
by Dr. Sybil Batley.) Sections of the pelvic mass revealed the presence of 
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numerous chorionic villi, with irregular proliferation of the syncytial cell-masses. 
‘This finding, taken in conjunction with the clinical history, seems to leave little 
doubt as to the diagnosis. 


TUMOURS OF THE SALIVARY GLANDS 


Under this heading are included all the pure malignant tumours of the 
salivary glands and all mixed tumours of the salivary-gland type ; of the latter, 
18 examples are recorded, 15 from the parotid region, one from the submaxillary, 
one from the upper lip and one from the palate. ‘The majority were from young 
individuals, the youngest recorded age being fourteen and the oldest fifty. 
In the accompanying clinical notes the sex was mentioned in 15 of the cases, 
of which 7 were females. ‘he histological structure of these mixed tumours 
conformed to the text-book descriptions. Cartilaginous tissue was present 
in 5, and from a study of these one is inclined to trace its origin to condensed 
myxomatous tissue—a view held by Kettle (1925) who considers that where 
true cartilage is present the tumours belong to a different group, i.e., the 
teratomata. ‘he epithelial nature of these mixed tumours is now almost 
generally accepted, but there are still some who favour an endothelial origin, 
and others again who regard them as belonging to the teratomas. Neither of the 
latter views receives support from the histological study of the present series. 
The pure malignant tumours were all situated in the parotid region and include 
four adenocarcinomas and two round-cell sarcomas. ‘Three of the adeno- 
carcinomas occurred in males about fourteen years of age; in the fourth the 
age was not recorded. ‘The histogenesis of the round-cell tumours could not be 
determined. ‘They were composed of spherical cells, showing in places a distinct 
alveolar arrangement, and might be classified as round-cell sarcomas or as round- 
cell carcinomas. According to Ewing (1928), salivary-gland tumours of this 
type are more likely to belong to the latter. One occurred in a girl aged fifteen 
years, and the other in an adult. In the clinical history of the former case 
(Selby, 1928), it is stated that the growth apparently originated in the parotid 
gland of the left side, and when first seen was almost equal in size to the patient’s 
head. ‘The mass had extended backwards, downwards and forwards, causing 
a displacement of the ear, the nose and the lips. It had completely encircled the 
jaw, but the mouth was not involved. ‘The surface of the tumour was extensively 
ulcerated from the application of native medicines. One small gland was 
palpable above the left clavicle, probably the result of sepsis. 

A history of three years’ duration was given. ‘The child appeared to be in 
good condition as regards general health. ‘The subsequent history is not known. 


TUMOURS OF THE ORBIT 


The orbital tumours comprise 18 sarcomas (with the exception of one 
melanotic growth, they were all round-cell in type), 10 carcinomas, one endothe- 
lioma and one cylindroma. Attention has already been drawn to the early age 
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incidence of these eye tumours ; one occurred in a boy aged three, another in a 
boy aged four, and a third in a girl aged five. ‘I'wo occurred in boys aged six, 
and in five further cases the ages lay between eight and ten. ‘The age was not 
stated in the case of twelve of the tumours received. ‘The boy aged three was 
seen by Dr. Davidson, who found that the tumour-mass completely filled the 
orbital cavity, with resulting proptosis and destruction of the cornea and iris. 
A history of two weeks’ duration was given. ‘lhe cylindroma occurred in a male 
aged nineteen, and when seen by Dr. Macaulay the growth was causing protrusion 
of both eyelids, the eye itself being totally disorganized. ‘The duration of 
the condition was said to have been a year. Histologically, the neoplasm was a 
perfect example of cylindroma. 


TUMOURS OF THE TESTIS 


Of the 8 testicular tumours recorded, 6 were sarcomas and one was an 
adenocarcinoma. One of the former has already been described in dealing 
with the myosarcomas. Of the remaining 5, 2 were spindle-celled sarcomas 
occurring in adults, 2 were round-cell sarcomas occurring in boys aged seven 
and thirteen, and one was a teratoma. ‘lhe remaining case was a fibrosarcoma, 
probably a melanoma, which occurred in a boy aged six. It has been described 
under the melanotic sarcomas. 


TUMOURS OF THE URINARY BLADDER 


One tumour only of the bladder is noted, a solid carcinoma. No evidence 
of schistosome infection was present in this case. Signs of infection with 
Bilharzia haematobium are commonly met with at post-mortem examination, 
though no clinical symptoms may have been manifest. Histological examination 
of the mucous membrane usually reveals a characteristic reaction. ‘The com- 
ponent cells are in a state of active proliferation (frequent mitoses) and are 
atypically arranged, with solid plugs of epithelium extending into the submucous 
layer. Some of these plugs have an external layer of high columnar cells and 
may even be entirely composed of such cells. ‘These latter may have their 
origin in the mucous glands said to be common near the base of the bladder 
in man (Schafer, 1916). The appearance is highly suggestive of pre-malignant 
changes, and it is to be wondered at that the condition does not go on more 
frequently to true neoplastic growth. 


SUMMARY 


Five hundred malignant tumours, obtained from all parts of Nigeria, have 
been analysed as accurately as was possible from the information available. 
The results so obtained have been detailed, partly in the form of Tables and partly 
as a series of notes dealing with the morphological and regional distribution 
of the neoplasms. The melanotic sarcomas, the adamantinomas and the 
sarcoma of Kaposi are commented upon in some detail. Due regard has been 
paid throughout to age incidence and to sex. 
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EXPLANATION OF PLATE VIII 
MALIGNANT TUMOURS IN AFRICANS 
Sarcoma of parotid region. Female aged 15. Three years’ 
duration. 


Tumour of maxillary region. No history. Histologically a 
round-cell sarcoma. 


Melanotic sarcoma arising from plantar aspect of the foot. 


Scalp. Squamous carcinoma. Duration one year. Male 
adult. 


j 
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EXPLANATION OF PLATE IX 
MALIGNANT TUMOURS IN AFRICANS 
Orbit. Round-cell sarcoma. Boy aged 12. Six months’ 


duration. Surrounding bones infiltrated. Fatal termination. 


Parotid. Adenocarcinoma. Duration one vear. Glands of 
neck on same side involved. Sinuses present with muco- 
purulent discharge. Male aged 26. 

Abdominal lymphosarcoma, showing prominence caused by 
the enlarged spleen. (Case reported by Dr. Elmes.) 


Adamantinoma of the lower jaw. 


Epithelioma of the orbit. 
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EXPLANATION OF PLATE X 
MALIGNANT TUMOURS IN AFRICANS 


Figs. 10 and 11. Squamous carcinoma in a male aged 21. Said to have 
commenced in the eye one year prior to admission. 


Fig. 12. Orbit. Round-cell sarcoma. Male aged 3 years. 


Fig. 13. Mandible. Adamantinoma producing marked deformity. 
Male adult. 
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EXPLANATION OF PLATE XI 
CARCINOMA. VARIOUS 


Testis. Adenocarcinoma. (x 115.) 
Thyroid. Adenocarcinoma. (x 120.) 


Oesophagus. Squamous carcinoma middle third. Male 
aged 70. ‘The sudden transition from the normal epithe- 
lium to malignant changes is striking. (> 59.) 


Mouth. Carcinoma ina female aged 32. Cauliflower growth 
replacing left tonsil and soft palate. Six months’ duration. 
Marked emaciation and enlarged glands in the neck. 
Structure is that of a basal-cell cancer with parts resembling 
adenoid cystic epithelioma. (> 80.) 
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EXPLANATION OF PLATE XII 
CARCINOMA. VARIOUS 


Figs. 18 to 20. Palate. Myxoadenocarcinoma. Male adult. ‘Tumour 
shows wide variation in structure. Sections show: (1) 
Atypical proliferation of the basal-cell layer ; (2) Irregular 
downgrowths from the superficial epithelium ; (3) Glandu- 
lar areas with production of a mucous-like material. 


(x 80.) 

Fig. 21. Hand. Carcinoma, skin of dorsal region. Male aged 40. 
Structure varies from that of a basal-cell cancer to the 
adenoid cystic type. (> 80.) 
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EXPLANATION OF PLATE XIII 
CARCINOMA OF THE BREAST 


Breast. Male adult. Adenocarcinoma of low maturity. 


(x 100.) 


Breast. Male adult. Adenocarcinoma. Axillary glands 
involved. (x 80.) 


Breast. Male adult. Carcinoma. Secondary deposit in 
pectoral lymph gland. ‘The invading cells are almost 
spindle-shaped in appearance. ( 115.) 


Breast. Female aged 40. Large ulcerated tumour with exten- 
sive deposits in the axillary lymph glands. Adeno- 
carcinoma showing anaplastic changes. Mitoses numerous. 
(x< 165 ) 
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EXPLANATION OF PLATE XIV 
CARCINOMA. ADENOMYOSARCOMA 


Ovary. Adenocarcinoma. (x 165.) 
Prostate. Adenocarcinoma. (x 80.) 


Kidney. Adenomyosarcoma of right kidney in a female child 
aged 3. At autopsy the kidney almost filled the 
abdominal cavity. Emaciation marked. ( 230.) 


Bladder. Pre-cancerous changes in the mucous membrane 
following infection with S. haematobium. (x 160.) 
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EXPLANATION OF PLATE XV 


SARCOMA. VARIOUS. 


Brain. Gliosarcoma. (x 165.) 
Femur. Myeloma. (x 80.) 


Skin. Rhabdomyosarcoma. ‘The tumour was a mushroom- 


like growth with a coarsely nodular surface growing from 
the suprascapular region. History of injury with stick 
two months previously. ‘Tumour had ulcerated through 
skin and had bled freely. No glands. Male adult. Faint 
cross-striation present in places. Mitoses fairly numerous. 
(X 230.) 


Thigh. Myosarcoma. Female aged 50. Six months’ dura- 
tion. Skin involved. (x 80.) 
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EXPLANATION OF PLATE XVI 
MELANOTIC SARCOMA 


Foot. Melanotic sarcoma. Male adult. Shows groups of 
epithelial-like cells. (>< 140.) 


Toe. Melanotic sarcoma. Pigmentation marked. Numerous 
large cells containing many nuclei present. (x 140.) 


Foot. Melanotic sarcoma. Pigment scanty. Cells small 
with sharply marked outlines. Mitoses numerous. 
(x 230.) 


Ankle. Melanotic sarcoma. Scanty pigment. Cells 
arranged in a curious alveolar manner. In other parts 
this tumour was composed of  spindle-cells and was 
densely pigmented. (> 169.) 
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EXPLANATION OF PLATE XVII 
KApost ‘TUMOUR 
lig, 38. Foot. Iaposi tumour. Early stage, showing isolated scanty 
nodules. Young male African. 


lig. 89. Foot. Kaposi tumour of four years’ duration. Well-marked 
nodules and raised vascular areas. Male aged 40. Con- 
dition beginning on other foot. 





Fig. 40. Scrotum. Kaposi tumour. Nodules also present on thighs. 
Structure is that of a vascular spindle-celled tissue. 
Mitoses scanty. (> 80.) 


Fig. 41. Leg. WKaposi tumour. Male aged 40. Numerous nodules 
present on legs and feet. Periphery of a nodule, showing 


numerous vessels with surrounding proliferation of round 
and spindle-cells. (> 80.) 
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Fig. 48. 


Fig. 44. 


Fig. 45. 








EXPLANATION OF PLATE XVIII 
PERITHELIOMA. ANGIOENDOTHELIOMA. 


Thigh. ‘Tumour with structure suggestive of perithelioma. 
(x 80.) 


Abdomen. ‘Tumour in a girl aged 5. When removed at 
post-mortem it weighed 7 Ibs and involved the liver, right 
kidney and small intestine. Marked emaciation and 
oedema of legs. Structure suggests a_perithelioma. 
(x 80.) 

Erector spinae muscle. Angioendothelioma. Male adult. 
(x 80.) 


Axilla. Angioendothelioma. Male aged 35. ‘Tumour size 
of an orange and fixed to the pectoralis major muscle. 
(x 80.) 
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EXPLANATION OF PLATE XIX 
CARCINOMA OF LIVER 
Fig. 46. Male adult, aged 40. Ascites marked. Cross-section showing 


the coarse portal type of cirrhosis with multiple carcino- 
matous nodules. ‘The liver weighed 3 Ibs. 14. ozs. 


Fig. 47. Section of above, showing well-marked cirrhosis with 
carcinomatous changes. (x 160.) 
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Fig. 50, 
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EXPLANATION OF PLATE XX 
CARCINOMA OF THE LIVER 


Liver. Primary carcinoma, biliary in origin. Male adult. 


(< 115.) 


Liver. Primary hepatic carcinoma. Male adult. Secondary 
deposits in the lungs. ‘The origin from the liver cells 1s 


well seen. (xX 115.) 
Liver. Primary hepatic carcinoma. (X 80.) 
Liver. Same case. Well-marked cirrhosis. ( 80.) 














Annals of Trop. Med. & Parasitol., Vol. NNVW7I1. PLATE. XX 








Courtesy of Dr. Soar. {> Courtesy of Dr. Hall. ${ 





Courtesy of Dr. Davidson. a0 = 














Fig. 


Fig. 


=o 


« ame 


=o 


a. 5S. 


D004 


EXPLANATION OF PLATE XXI 
CARCINOMA OF THE LIVER 


Liver. Primary hepatic-cell carcinoma. Solid groups of 
cells with acinous formation in places. Male adult. 
(> 80.) 


Liver. Same case, showing early atypical transition of the 
hepatic cells. (x 165. 

Lung. Secondary deposit. Same case. (> 80.) 

Lung. Metastasis from an hepatic-cell carcinoma. The 


liver was studded with nodules and weighed 15 Ibs. 


(x 130.) 
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EXPLANATION OF PLATE XXII 
CARCINOMA OF THE LIVER 
Lymphatic involvement in a cirrhotic liver which had under- 
gone carcinomatous changes. (x 165.) 
Liver. Biliary carcinoma in a girl aged 6 (x 115.) 


Liver. Primary hepatic-cell carcinoma. Cirrhosis marked. 
Male adult. (x 115.) 


Liver. Primary carcinoma of an embryonic type in a boy 


aged 4. (x 160) 
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Fig. 


Fig. 62. 
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EXPLANATION OF PLATE XXIII 
TUMOURS OF THE MAXILLA AND MANDIBLE 
Mandible. Adamantinoma in a male aged 40. Five years’ 


duration. ( 80.) 


Maxilla. Adamantinoma in a female aged 27. Three years’ 
duration. ‘The tumour was the size of a goose-egg and 
was encapsulated. (> 80.) : 


Tumour from region of mandible. Seven years’ duration. 
Carcinoma. (XX 75.) 


‘Tumour from region of lower jaw. Sarcoma. ( 165.) 
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EXPLANATION OF PLATE XXIV 
"TUMOURS OF THE PAROTID GLAND 
Parotid. Mixed tumour. Male adult. ‘Tumour not en- 
capsulated. Numerous mitoses. (>< 80.) 


Parotid. Mixed tumour. Female aged 30. Section shows 
an actively proliferating glandular area. (> 165.) 


Parotid. Adenocarcinoma. Female aged 45. ‘Three years’ 
duration. ( 100.) 


Parotid. Adenocarcinoma. Young male. ‘Tumour inti- 
mately associated with parotid. Scanty mitoses present 
in section. (> 160.) 
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EXPLANATION OF PLATE AXXV 
"TUMOURS OF THE ORBIT 


Figs. 68 and 69, Orbit. Cylindroma in a male aged 19, Duration one 
vear. ‘lhe eye was completely destroyed. (Sections from 
two portions of the tumour.) Fig. 68. (> 80.) Fig. 69. 
(xX 165.) 


Kig. 70. Orbit. Endothelioma in a female aged 20. (>< 80.) 


Fig. 71. Orbit. Solid carcinoma in a male aged 33. Six months’ 
duration. ‘lhe tumour projected as a fungating mass. 
(x S0.) 
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STUDIES ON CHEMOTHERAPY IN BIRD 
MALARIA* 


III. — DIFFERENCE IN RESPONSE TO QUININE 

TREATMENT BETWEEN STRAINS OF PLASMODIUM 

RELICTUM OF WIDELY-SEPARATED GEOGRAPHICAL 
ORIGINS 


BY 
E. M. LOURIE 


(Department of Hygiene and Bacteriology, University of Chicago) 
(Received for publication 16 August, 1934) 
INTRODUCTION 


In the very extensive literature of human malaria, the view has frequently 
been expressed that different geographical strains of the same species of parasite 
vary both in their virulence and in their response to identical drug treatment ; 
this view has recently been given strong justification by the work of James, 
Nicol and Shute (1932) and of Korteweg (1933). 

The object of the present contribution is to report experimental findings 
in bird malaria which confirm the principle, illustrated by the above-mentioned 
workers in their studies on the human disease, that response to quinine ts liable 
to vary according to the particular distinct strain within a single species which 
may be under observation. ‘This point has not hitherto been demonstrated 
in the publications of investigators of bird malaria. ‘There are, indeed, the 
contributions by Katahira (1929a and 6), which give brief records of differences 
observed, both in behaviour towards quinine and in other respects, between 
two strains of bird malarial parasite. atahira refers to both his strains as 
Proteosoma praecox, but there is otherwise no indication in his reports that he 
was not dealing with two distinct species of parasite. ‘The one strain was 
obtained from a Java sparrow (Oryzivora oryzivorae) and the other from a 
finch (Fringilla kawarahiwa minor), and the differences described include points 
of morphology and variation in infectivity for the species of bird-host tested 
and for Culex pallens. Even assuming that the two strains may have been 
of the same species, Katahira did not establish a basis for comparison of their 
behaviour under identical conditions, since each strain was studied in a different 
host species (‘ Paddavégel fiir den Stamm A und Sperlinge fiir den Stamm B?’). 
Kikuth (1931) reports comparative studies upon various strains of bird malarial 


*These investigations were carried out during the tenure ot a Rockefeller Medical 
Fellowship of the Medical Research Council of Great Britain. "The author is much 
indebted to Dr. W. H. Taliaferro for his valuable advice, and to Dr. Clay G. Huff for many 
helpful suggestions. ‘The work was aided by financial support from the International 
Health Division of the Rockefeller Foundation and the Logan Fund of the University of 
Chicago. 
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parasites, including German strains of P. relictum (P. praecox) and an American 
strain of the same species (Hartman’s * P. inconstans’ strain). Kikuth’s studies 
included chemotherapeutic observations, of which scanty details are given, 
but no differences are reported by him in the responses of the strains of 
P. relictum to quinine and plasmochin. Of particular interest, in relation to 
the present observations, are the comparative studies of Manwell (1930), for 
he employed strains of parasite which included the very two which have been 
used for this work. As a result of his laborious investigations Manwell con- 
cludes that, while the three species of parasite studied by him show marked 
differences in their reactions to plasmochin or quinine, the three strains of 
P. relictum (P. praecox) used react to treatment in essentially the same way. 
Probably one reason for Manwell’s failure to detect the difference, brought 
out in the present work, in the response to quinine of the two strains with which 
we are concerned, is that he did not study the effect upon both strains of courses 
of treatment started during the incubation period. ‘The importance of com- 
paring the effects of treatment administered at this stage of infection rather 
than of treatment commenced during the acute phases is touched upon in a 
later section of this contribution. It may be mentioned at this point that the 
practice of arranging various species of bird malaria in a sequence, in order of 
susceptibility to drugs (Manwell, 1930, 1931, 1934), is no longer permissible, 
for there may be a greater difference in response to a drug between two varieties 
of the same species than between two strains of admittedly different species. 
For example, Manwell places P. relictum (P. praecox) as being more susceptible 
to quinine than P. cathemerium ; this may be so in regard to the ‘ Whitmore ’ 
strain of the former parasite, but as regards the German strain used by him, 
and also in the present work, a comparison of its response to quinine treatment 
started in the incubation period (as recorded below) with the response of 
P. cathemerium (‘ Hartman’ strain) during similar treatment clearly shows that 
the latter is much the more susceptible. 


MATERIAL AND METHODS 


‘he species of avian malarial parasite employed in the present experiments 
is Plasmodium relictum (Grassi and Feletti, I891) ; no attempt will be made here 
to decide the moot point as to whether the parasite is not more correctly known 

P. praecox (Grassi and Feletti, 1890), and the writer follows Huff (1930) 
in believing, in view of all the circumstances involved, that, pending final 
settlement of the issue, much confusion would be avoided by the provisional 
use of the former designation. ‘lhe two strains of the parasite used in this 
work were originally isolated in widely-separated geographical localities ; the 
one is the ‘ Whitmore’ strain, isolated by Whitmore in 1913 from an English 
sparrow in New York City, and the other is a strain derived trom Germany 
and sent to Dr. W. Gingrich, at the Johns Hopkins University, Baltimore, by 
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R. Hoeppli, from the Institut fiir Schiffs- und Tropenkrankheiten, Hamburg, 
in 1930. Reference to much of the previous work carried out with these two 
strains by other investigators prior to 1932 is given in useful tabular form by 
Gingrich (1982). 

No morphological differences whatever have been recognized between 
the two strains used, and one may feel safe in the belief as to their single specific 
identity. Of somewhat confirmatory value in this conclusion is, perhaps, 
the demonstration by Gingrich (1932) that infection by one of these strains 
involves immunity from the other to a degree entirely comparable with the 
immunity to superinfection by the same strain ; this fact is to be considered 
in relation to Gingrich’s general finding that the acquired immunity deriving 
from infections with the four species studied by him is primarily a specific 
reaction. Since James (1931), James, Nicol and Shute (1932) and others have 
found that—contrary to the experience with bird malaria—immunity to rein- 
fection by one strain of parasite in human malaria does not involve full protection 
against another strain of the same species, it would seem, therefore, that the two 
strains of P. relictum with which we are here concerned are even more closely 
related to one another immunologically than are certain strains of P. vivax and 
P. falciparum which undoubtedly do fall respectively within single species. 

Throughout the experiments of this communication canaries alone have 
been used as hosts, and there has been no discriminatory selection whatever 
among these birds as to sex, age, condition, source of origin, or any other matter, 
in infecting them with one or other of the two strains of P. relictum under 
examination. ‘The birds were infected by inoculating, either intramuscularly 
or else intravenously, a mixture of parasite-laden blood and sodium citrate 
solution ; in the treated birds quinine was given daily in intraperitoneal doses 
of 1 mgm. of the hydrochloride, in 0-1 c.c. saline per 16-5 gm. bird, the treatment 
being started on the day of infecting the birds, and being continued for the periods 
of time indicated for each group in the particular accounts given below. ‘The 
progress of infection in all cases was followed by estimating daily, or at other 
suitable intervals, the approximate number of parasites per 10,000 red cells ; 
thus the extent to which the quinine prevented the accumulation of parasites 
in the blood-stream during daily treatment could be compared for infection 
with each of the two strains. 


RESULTS 


In 'Table I may be seen the effects of daily quinine treatment upon the 
course of infection in four birds which were inoculated intramuscularly with 
parasites of the ‘ Whitmore’ strain. ‘lhe four experimental and two control 
untreated birds are grouped in two series, A and B, the three birds in each 
of which were all infected at the same time by inoculations of approximately 
the same size from the same heavily infected bird. For each infection of series A 
there was used about 0-2 c.c. of blood (in citrated saline) from a bird exhibiting 
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about 124 parasites per 10,000 red cells ; the infections of series B, however, 
were produced by inoculation of 0-2 c.c. of a mixture of citrated saline and blood 
showing approximately 27 parasites per 10,000 red cells. ‘The daily treatments 
were continued for 4 weeks in birds 159W and I61W, which survived this 
lengthy course, and for 5 days and 26 days respectively in the case of the two 
birds which survived only for those periods subsequent to infection and the 
commencement of treatment. 

Reference to the Table shows that manifest infection by the ‘ Whitmore ’ 
strain was practically completely held in check by the treatment adopted. 

Table II shows the results of quinine treatment, similarly administered, 
in infections produced by intramuscular inoculation of the German strain of 
P. relictum. WHere also the various infections have been arranged in separate 
series (C, D and E), for the same reasons as in the above-mentioned infections 
with the ‘ Whitmore ’ parasites, namely, that the infections of the birds of each 
series were produced at the same time, and by inoculation, in each case, of mate- 
rial from the same source in equal amounts. Again, although the birds of each 
series were inoculated in equivalent manner, this was not the case as between 
one series and another; thus, for each bird of series C there was used about 
0-1 c.c. of blood containing 106 parasites per 10,000 red cells ; for series D 
0-1 c.c. of blood containing about 6 parasites per 10,000 red cells ; and for series 
I. 0-1 c.c. of blood containing about 17 parasites per 10,000 red cells. 

The results indicated in Table II show that, in contrast to the effects 
produced upon the ‘ Whitmore ’ parasites, daily quinine treatment administered 
in identical manner against infections by the German strain was very ineffective 
indeed in preventing the accumulation of parasites in the peripheral blood. 
Certainly there was, in general, a definite delay in the appearance and a retarda- 
tion in the accumulation of the parasites in the treated, as compared with the 
untreated, birds (and it may be pointed out, incidentally, that the protraction 
of the incubation period was exploited by Roehl (1926) in his selection of a 
criterion for the efficacy of drugs against bird malaria); nevertheless, the 
infections of the surviving birds rose to a considerable level. While 
two of the five experimental birds died before useful information could 
be obtained from them, the infection of bird 261G rose to the point of 
showing about 240 parasites per 10,000 red cells on the 18th day (the control 
uninfected bird 263G_ of the same series showing 864 parasites on the 12th day) ; 
bird 265G ran up to 628 parasites per 10,000 red cells on the 22nd day (control 
bird 267G of the same series showing only 164 parasites per 10,000 red cells 
on the 13th day); and bird 269G rose to 54 parasites per 10,000 red cells on 
the 17th day (its corresponding control, 270G, running to 724 parasites per 10,000 
red cells on the 9th day). 

‘There would seem to be no reason to account for the striking difference 
displayed by infections of these two strains of the same parasite in their response 
to identical drug treatment, in the above experiments, other than that there is 
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indeed a definite difference in the reactions of the parasites themselves to the 
treatment adopted. It has already been pointed out that there was no discrimina- 
tory selection of birds for infection by one strain or the other, and all the birds 
used were from the same source and in equally good condition. It cannot be 
said that the infections with the ‘ Whitmore ° strain were milder than those with 
the German strain and might therefore perhaps have been expected to yield 
more readily to quinine treatment. [Examination of the ‘lables suggests that no 
connection is to be expected between the susceptibility of an infection to quinine 
and the mildness of infection attained by a control bird inoculated at the same 
time and in equivalent manner; thus, the lightest control infection of the 
German strain was that of bird 267G of series D, showing at its apex only 164 
parasites per 10,000 red cells, and yet the corresponding treated bird of this same 
series, no. 265G, was the very case which suffered the heaviest infection among 
the treated birds, rising to 628 parasites per 10,000 red cells. 

In the above experiments the infections were produced by intramuscular 
inoculation of parasites, thereby involving a subsequent incubation period of some 
days, so that an exact quantitative comparison of the grade of infection from the 
very beginning of treatment (the first day of infection) could not be made, 
although a rough indication in this direction is supplied by the data which 
have been given above as to the amounts of infective material which had initially 
been inoculated into the birds of each series. It was considered, however, 
that a comparison of the effects of treatment would be more satisfactory if the 
grade of infection at the outset of treatment were under direct scrutiny. ‘That 
object might, of course, be achieved by starting the treatments at some time 
after the first appearance of parasites ; however, it was considered advisable in 
these experiments not to delay treatment until after the incubation period, but 
rather to commence on the very day of infection so as to have the parasites 
subjected to treatment for as long a period as possible before an acquired 
immunity of the host comes into play. ‘This acquired immunity necessarily 
introduces an additional hazard for the parasites undergoing treatment, and thus 
constitutes a complicating and probably, to some extent, variable factor, which 
can be largely eliminated by the expedient of commencing treatment on 
the first day of the infection. In order, therefore, to commence treatment 
at the onset of infection, while yet being able to measure the grade of infection 
from that early moment, the two following series of birds were inoculated by 
the intravenous route with large numbers of parasites, so that the latter could 
easily be found immediately afterwards in the peripheral blood. In each of 
these series all the blood used for inoculation, from several heavily infected birds, 
was first mixed with citrate-saline solution, pooled, washed by centrifuging 
twice, and then divided into equal portions for inoculation into the birds of the 
respective series. 

Fourteen birds of series F (see ‘Table IIT) were inoculated intravenously 
with the ‘ Whitmore ’ strain, so that from 15 to 29 parasites per 10,000 red cells 
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Bird 


no. 
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1ITIW 21 20 

172W 28 24 
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17T6W 14 5 
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179W 21 32 

LSOW 29 17 
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controls 1S2W 16 23 
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treatment, started on the Ist day of infection, upon birds 


‘Treatment by | mgm. quinine hydrochloride 
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II] 


inoculated intravenously with large numbers of parasites of the ‘ Whitmore ’ strain of P. relictum. 


intraperitoneally per 16-5 gm. bird. 











10,000 red cells 
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were found on examination of the blood immediately afterwards. ‘Twelve of 
these birds (1G9W to I80W) were treated daily during their infections by 
quinine in the same amounts and by the same technique as were employed 
in the experiments the results of which have already been detailed, and two 
controls (LSIW and 182W) were subjected to untreated infections. Likewise 
in series G (see ‘Table IV) fourteen birds were inoculated intravenously with 
parasites of the German strain, so that from 3 to 17 could be found per 10,000 
red cells immediately afterwards ; twelve of these birds (274G to 285G) were 
treated by quinine daily in entirely similar manner to the treatments of the other 
quininized birds mentioned above, while the infections of birds 286G and 
287G were allowed to run uninterrupted courses. 

The results scored on 'Vable III show that, among the treated ‘ Whitmore ’ 
strain infections, there was a definite increase in the numbers of parasites 
present in the peripheral blood within the first 6 or 7 days of infection and 
treatment (excepting in birds 176W and 180W). After the 6th day, however, 
there was a rapid decline in the numbers of parasites, so that from the 10th day 
onwards blood films of the surviving birds were either negative on examination 
or only an occasional parasite or two were to be encountered. The initial 
increase in numbers of parasites which was observed in most of the birds 
generally reached a peak about the 4th or 5th day, at points two, three and four 
(see bird 177W) times as high as the levels at which the infections had started. 
In parenthesis it may be said that, if a similar sequence attends treatment of 
infections induced by inoculation of moderate amounts of infective material 
by the intramuscular route, we must assume that it takes place below the 
threshold of what may be followed by immediate microscopical observation— 
perhaps only just below that level, as is suggested by ‘Table I, where it may be 
seen that in two of the three surviving birds a single parasite was observed on 
the 4th and 6th day respectively, after which blood-films were entirely negative 
on microscopical examination, 

Examination of ‘Table IV, referring to infections induced by intravenous 
inoculation of the German strain, shows again that in this strain the effects of 
quinine treatment are very much less obstructive to the increase of parasites 
in the blood-stream than they are in ‘ Whitmore ’ infections. Whereas in the 
latter there was, in all cases (see ‘Table III), a rapid decline in the numbers of 
parasites after the 6th day, in the treated German strain infections there was no 
general tendency to decrease in the grade of infection at this period ; among 
the surviving birds parasites continued to increase in numbers, until in some 
cases really heavy infections ensued, in spite of the quininization, the infections 
either resolving finally at a very slow rate, or else remaining at a high level until 
death. Indeed, one bird (no. 274G) developed an extremely severe and pro- 
tracted infection, showing for 13 days a ratio of parasites to red cells of 1 in 4, 
and even higher, in the face of continued quinine treatment, before terminating 
fatally. It is true that bird 277G, which died on the 8th day, had shown only 
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5 parasites per 10,000 red cells on the 7th day, as compared with 6 at the outset 
of treatment ; but in view of the early death of this bird, which might well 
have cut short a subsequent rise in numbers of parasites, one need not regard 
its record as interfering with the main conclusion—that accumulation of parasites 
in the blood-stream is considerably less hindered by the influence of quinine 
treatment in the German strain than in the ‘ Whitmore’ strain infections. 
Reverting to the point already raised, that there is no reason to expect a positive 
correlation between the effectiveness of quinine and mildness of attacks in 
untreated controls, it may be seen on reference to ‘Vables II] and IV that, 
while the ‘ Whitmore ’ strain was so much the more sensitive to quinine treat- 
ment, vet the control untreated infections (ISIW and IS2W) by this strain, 
ending fatally with every other red cell invaded, were both considerably more 
severe than the two untreated German strain infections (286G and 287G). 


SUMMARY 


A comparative study has been made of the reactions to quinine of two 
strains of the malarial parasite Plasmodium relictum, ‘Vhe strains are unexcep- 
tionably included within the same species, and were originally isolated in 
widely-separated localities, namely, New York City and Germany. A con- 
siderable difference has been observed between the strains in their response to 
identical treatment. 
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INTRODUCTION 


Various factors that might affect the course of experimental infections of 
laboratory animals with trypanosomes were studied more than 20 years ago. 
The action of trypanocidal drugs in prolonging the incubation period and, 
as a rule, the course of the disease was established, and somewhat similar results 
were obtained with immune sera. ‘Those studies were reviewed in the ‘ Sleeping 
Sickness Bureau Bulletin ’ and in the ‘ ‘Tropical Diseases Bulletin.’ ‘The review 
of a paper by Levaditi and McIntosh (1910) states : ‘ Ehrlich and his co-workers, 
and later Levaditi, have shown that if a trypanolytic serum is made to act 
in vitro at 37° on the corresponding trypanosomes they appear to be destroyed 
completely, but if the mixture is injected into mice the animals show a severe 
infection after five to six days.’ Levaditiand McIntosh concluded that : ‘ Under 
the influence of trypanolysis a real selection takes place in the test-tube. ‘The 
trypanosomes naturally resistant can be recognised amongst the dead ones by 
careful search in the centrifuged deposit.’ Fairbairn (1933) also found, in 
experiments in vitro with T. rhodestense and normal human serum, that, although 
living trypanosomes might not be visible by ordinary microscopical examination 
after incubation for some hours at 37° C., infection resulted in many cases 
when the mixture was inoculated into rats at the end of 24 hours. ‘The incuba- 
tion period was usually prolonged, but in 19 cases it was equal to or shorter 
than that of the ordinary passages. It has happened severai times in my 
experience that the inoculation of a rat with 1 c.cm. of cerebro-spinal fluid 
from a sieeping-sickness patient has caused infection with an incubation period 
of 5 days, although no trypanosomes could be seen in the fluid by microscopical 
examination. Oehler (1913) infected rats by the injection of single trypano- 
somes, succeeding 10 times in 31 attempts. According to the review, trypano- 
somes appeared in from 4 to 6 days, and the incubation period was not prolonged. 
Dutton, Todd and Kinghorn (1907), referring to the inoculation of rats from 
infected cattle, wrote: ‘ The mode of inoculation has no influence on the 
incubation period. Large doses may cause the parasites to appear a little sooner 
than they otherwise would, but rats inoculated with such doses do not die any 
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more quickly than those inoculated with small doses of infected blood.’ Laveran 
and Mesnil (1904) considered that the number of trypanosomes inoculated 
in infections with 7° /ezzs¢ had little influence on the incubation period, provided 
that more than one-fiftieth of a cubic centimetre of blood was inoculated. ‘They 
thought, however, that the body weight of the rats affected the incubation 
period, but that the latter varied very little in rats weighing from 30 to 100 gm. 
On the other hand, Kligler and Rabinowitch (1927) made experiments with 
7. evansi which led them to conclude that the number of trypanosomes injected 
was a matter of considerable importance. ‘They wrote: ‘ Animals inoculated 
with different numbers of organisms showed distinct differences in the nature 
and progress of the disease, the rate of development of the trypanosomes in the 
circulation and the duration of the illness.” ‘They also regarded the body weight 
of the animals as being very important, and wrote: ‘ Not only is the dosage 
per se important, but the dose in relation to age or in these animals body weight 
is most significant. Animals of different weight receiving the same number 
of organisms react entirely differently, the smaller animal succumbing, as might 
be expected, much sooner than the larger ones.’ ‘They pointed out that differ- 
ences become appreciable when doses vary by multiples of one hundred or a 
thousand. ‘They compared rats of 30 to 40 gm. with others weighing 50 to 
60 gm., and found that, ‘given the same infecting dose, rats 35 to 40 grms. in 
weight succumb in about half or two-thirds the time of larger animals, 50 to 
60 grins. in weight.’ Kligler (1931) made experiments with 7. evans: to demon- 
strate 7m vitro specific agglutinating and trypanolytic antibodies. ‘lhe medium 
contained a large proportion of normal guinea-pig’s serum and the trypanosomes 
could live in it for at least 3 days. In his experiment no. 6 C, rats were infected, 
although no trypanosomes could be seen in the mixtures at the end of 24 hours. 
The incubation periods varied from 3 to 5 days, those of the control rats, in the 
corresponding tubes of which many active trypanosomes were seen, being 
3 and 4 days. ‘The duration of the disease was prolonged in some cases, but 
notin others. ‘The composition of the diluting fluid is very important when It is 
desired to keep trypanosomes alive 7m vitro for several hours, and it is also 
probably not negligible for the short time occupied in counting trypanosomes 
and inoculating estimated numbers into animals. Oehler (1913) observed that 
sodium chloride solution rapidly immobilized the trypanosomes, and he used 
and recommended blood serum as the diluting fluid. Yorke, Adams and 
Murgatroyd (1929) discussed this point and gave a summary of the observations 
of earlier workers. ‘They found that certain individual trypanosomes died 
relatively quickly, whilst others remained actively motile and apparently in good 
condition for much longer periods. ‘They examined many media and observed 
that, while the addition of glucose to Ringer’s solution enabled 7. rhodestense, 
present in a concentration of about 500 per c.mm., to survive with little diminu- 
tion in number for 1} hours, the number was reduced to one-third in 3 hours. 
‘he addition of serum was necessary to maintain the number nearly constant 
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for 24 hours. Kligler, Geiger and Comaroff (1930) found that the active pro- 
duction of lactic acid by trypanosomes was the chief factor responsible for 
difficulty in their cultivation. Other factors were glucose concentration, osmotic 
pressure and toxicity of sodium chloride, but these were not nearly so important. 
From the above summary it seems that two important factors that may com- 
plicate the question of the influence of the dose of trypanosomes on the course 
of the infection are the heterogeneous character of a strain of trypanosomes and, 
in cases of inoculation, the composition of the diluting medium. In experi- 
mental work where it is desired to compare different strains or species of 
trypanosomes, it is, of course, necessary to know as far as possible what control 
can be obtained over the various factors in the experiments. In the case of 
small animals, the weight can be ascertained or estimated within safe limits, 
and the differences of resistance of individual animals can be discounted to some 
extent by using sufficient numbers of the most suitable kinds, aided possibly 
by inbreeding. It is more difficult to estimate the number of trypanosomes 
injected, and impossible to know what variations in number may occur in 
infection by the bites of tsetse-flies. If, however, it is found that the number 
can be varied within wide limits without materially influencing the result, 
and that the infections produced by the bites of the same and of different 
individual tsetse-flies infected with the same strain of trypanosomes are fairly 
uniform, the question of dosage of trypanosomes becomes less important. 
Opinions have differed on this question, as shown above, as well as on the 
question of the influence of body weight, and it was therefore thought that some 
experiments with 7. rhodesiense and white rats might be useful. 


EXPERIMENTS 


The influence of body weight—The strain of trypanosomes was obtained on March 
3rd, 1934, by lumbar puncture from a patient who had been suffering from Rhodesian 
sleeping sickness for more than two years, having been treated from time to time with 
‘ Bayer 205’ and tryparsamide. The cerebro-spinal fluid contained 350 leucocytes in a 
c.mm., but trypanosomes could not be seen. "Two c.cm. of the fluid were injected sub- 
cutaneously into each of rats 1155, 1155a, 11555 and 1155c. All became infected, the 
incubation periods being 9, 9, 11 and 11 days respectively, and the animals lived for 57, 
84, 58 and 47 days respectively. In all of them the trypanosomes were present daily and 
were numerous, with the exception of rat 1155a, in which the trypanosomes diminished 
in number after the 64th day. The rats were of about the same size, being from about 80) 
to 100 gm. in weight. On April 23rd, two groups of rats were selected and weighed. 
Those of one group, no. 1257, weighed from 90 to 110 gm. (mostly 100 gm.), and those of 
the other group, no. 1258, weighed from 45 to 55 gm. (mostly 50) gm.). Blood from the tail 
of rat 1155 was taken into Ringer-glucose solution, prepared from Messrs. Burroughs 
and Wellcome’s soloid saline compound no. 2, the formula being the same as that used 
in the experiments of Yorke, Adams and Murgatroyd. Dilutions were made with this, 
and the trypanosomes were counted on a Fuchs and Rosenthal’s counting slide. One 
cubic centimetre, estimated to contain 100,000 trypanosomes, was injected subcutaneously 
into each of the rats. The blood of the rats was examined in fresh preparations and in 
stained thick blood films. The results are shown in Table I. 
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"TABLE I 

Group 1257. Weight 100 gm. Group 1258. Weight 50 gm. 

Incubation Life in days Incubation | Life in days 
Rat period in (after | Rat | period in | (after 

days inoculation) | | days | inoculation) 

l 5 28 5 | 14 

2 5 20 2 5 32 

3 6 28 3 5 | 26 

4 | 6 25 4 5 | 23 

5 | 6 30 5 5 | 29 

6 6 25 6 5 30 

7 6 31 | 49 6 25 

8 6 32 8 6 28 

9 6 26 | 9 6 26 

10 6 28 10 6 25 

| 








There is very little difference in the incubation period, and the duration 
of life is about the same in the two series. 


The influence of the dose of trypanosomes.—Two groups of ten rats were selected, 
weighed and inoculated at the same time as those in the previous experiment. "They 
weighed from 100 to 120 gm., mostly 110 gm. 'Those of one group, no. 1259, were injected 
with 100,000 trypanosomes from rat 1155 in 1 c.cm. of Ringer-glucose fluid as before, 
and those of the other group, no. 1260, received 100 trypanosomes in 1 c.cm. estimated 
by dilution with Ringer-glucose solution. 'The results are shown in Table II. 











Tasie II 
| 
Group 1259. Weight 110 gm. 1 Group 1260. Weight 110 gm. 
| 1 1 | arene 
Incubation | Life in days | | Incubation | Life in days 
Rat period in | (after | Rat | period in | (after 
days | inoculation) — | | days inoculation) 
1 5 31 ] ~ ~— 
2 5 27 2 — os 
| 
3 a) | 32 3 
+ 5 7 4 — —- 
5 6 | 26 5 — — 
6 6 | 23 6 — —— 
7 | 6 29 7 —- = 
8 | 6 22 8 | 30—33 47 
9 | 6 29 i) — — 
10 6 35 10 — — 
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Rat no. 4 in group 1259 died of another disease. In group 1260 only one 
rat showed infection. Its blood was examined daily for 26 days, again on the 
29th day, and again on the 33rd day, when trypanosomes were found. ‘The 
course of the disease from this date was acute, trypanosomes being numerous 
and constantly present in the blood. It is hard to understand why the incubation 
period was so long, but perhaps it was due to a very great reduction in the 
number of trypanosomes, originally estimated at 100, caused by the harmful 
action of the diluting fluid. ‘The surviving trypanosomes may have been 
extremely few. Another rat, weighing 70 gm. and subinoculated with numerous 
trypanosomes from this rat, showed infection on the 5th day and died on the 
17th day. 


Experiment 1280 to 1289.—A similar experiment was made with a range of doses of 
from 10,000 to 100, the blood being taken from rat 1155a on the 64th day of infection, 
the diluting fluid being Ringer-glucose, as before. Of the ten rats selected, one weighed 
75 gm., two 80 gm., four 85 gm., one 90 gm., one 95 gm. and one 100 gm. The experiment 
is shown in Table III. 


TaB.e III 














Rat ... ae neh 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 
Dose dia .. 10,000 5,000 5,000 2,500 1,250 1,250 1,250 100 100 100 
Incubation period... 7 7 7 7 8 8 8 — — _— 





Life wiv owe 51 o4 39 46 40 74 3 — -—— — 





The dose of 100 trypanosomes again failed to infect the rats. ‘The duration 
of life was longer than in groups 1257, 1258 and 1259, in which 100,000 trypano- 
somes were injected, and the incubation periods also were slightly longer. It 
is difficult to account for this. ‘The influence of rat 1155a, which lived for 84 
days, cannot be estimated. It was noticed, by counting under the microscope, 
that a considerable number of trypanosomes died in Ringer-glucose solution 
within half an hour. The composition of human cerebro-spinal fluid is 
chemically rather similar to this formula of Ringer-glucose solution, except 
that it contains a little protein—often about 0-04 per cent. when infected with 
trypanosomes. It would, therefore, be interesting to keep 7. rhodesiense from 
a rat in infected human cerebro-spinal fluid, 7m vitro, to see what effect on the 
vitality of the trypanosomes it might have. 


Experiment 1305.—A similar experiment was made, using equal parts of Ringer- 
glucose solution and sheep’s blood serum as the medium, the trypanosomes being obtained 
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from the same rat, no. 1155a. Four rats were injected with 100 trypanosomes cach, and one 
with 200 trypanosomes. ‘lhe results are shown in Table IV. 


TABLE IV 


Rat ne shit ae ] 2 3 4 » 
Weight eel wee = 70 70 15 SO) 65 
ou | - a | ee er 100 Loo 200 
Milt. & & & @& x 


The dose of 100 trypanosomes infected in every case, with a normal 
incubation period. ‘The duration of life was rather long, and this suggests 
that rat 1155a had some influence, as compared with rat 1155. As the diluting 
fluid in this experiment differed from that of the previous experiments by the 
addition of serum, the following experiment was made with a wider range of 
doses. 


Experiment 1292 to 1297,—This experiment was made with another strain of 


T. rhodesiense, the history of which is shown as follows. Patient—Guinea-pig—Fly 10— 
Dik-dik 2—Fly K8S—Dik-dik 10O—Fly 'T10—Rat 1230. 

Rat 1230 was used to supply the trypanosomes. After being bitten by fly 10 (Glossina 
morsitans), the incubation period was 5 days and the rat died on the 20th day, trypanosomes 
having been numerous and continuously present in its blood. The diluting fluid was a 
mixture of equal parts of Ringer-glucose solution and sheep’s blood serum. Six rats were 
inoculated, four weighing 100 gm., one 95 gm. and one 90 gm. ‘The results are shown in 


Table V. 


"TABLE V 


Rat vis sete cee 1292 1293 1294 1295 1296 1297 
Dose. e””*=«SSC«SC«*iD~S=«0D——:100,000 100,000 
andoiins period - 7 8 8 7 & 5 
Life nna an ie 23 25 28 29 - 20 23 





The incubation period was a little shorter with the largest doses, but the 
duration of life was about the same in all the rats. While counting trypanosomes 
under the microscope it was noticed on one occasion, when only three trypano- 
somes were seen in | c.mm., that two of them were attached to leucocytes. 
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The medium was a mixture of equal parts of Ringer-glucose solution and 
sheep’s blood serum. ‘This phenomenon has been observed in the cerebro- 
spinal fluid of sheep and goats infected with 7. rhodesiense (Corson, 1931). 
It is no doubt the same phenomenon as was first described by Laveran and 
Mesnil (1904) in infections with 7. /ezzs/, and was later studied by several other 
workers. 

. Experiment 1308.—Although not strictly relevant to the subject, it was thought 
interesting to inoculate rats with the blood of dik-dik no. 16 which, like rat 1230, was 
infected by fly T'10. The trypanosomes were not counted. The results are shown in 


Table VI. 


TABLE VI 
Rat... a aia 1308 1308a 1308h 3O08¢ L308d 
Weight = ae SO S85 SS QQ) 75 
Incubation period ... 6} 6 6 6 D 
Life a ron 29 2 29 =a 28 


These experiments showed that, in doses of from 100,000 to 200 or 100, 
the number of trypanosomes had little, if any, influence on the incubation 
period and the duration of the infection. It would be difficult to judge whether 
a prolonged incubation period after the inoculation of extremely few trypano- 
somes of a recent strain should be attributed solely to the number of the 
trypanosomes. If a strain is heterogeneous, containing individual trypanosomes 
of different virulence or multiplying power or resistance to adverse influences, 
equal doses of extremely few trypanosomes might be expected to differ in 
character according to the chance predominance of certain trypanosomes, 
and the incubation periods might be expected to vary accordingly. As Oehler 
got such uniform results in the infections by the inoculation of single trypano- 
somes, it seems to be probable that his four strains were less heterogeneous 
than recent strains are. 

Infection by the bites of tsetse-flies.—Ilf the infections of rats caused by the 
bites of isolated tsetse-flies, infected with the same strain of trypanosomes, 
showed in many cases great differences in the incubation period and in the 
course and duration of the disease, it might be thought that those differences 
were due to variations in the number of trypanosomes injected by the flies. It 
might also be possible that cyclical passage had altered the virulence of the 
trypanosomes, individual flies being expected to show differences in this respect. 
In my experiments with 7°. rhodesiense, the bite of an isolated infective G. morsitans 
has never failed to infect normal white rats, and the incubation period and course 
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and duration of the disease have been very similar to those in cases of infection 
with the syringe. Some attempts to estimate the number of trypanosomes 
injected by a tsetse-fly have been made. Rodhain, Pons, Van den Branden 
and Bequart (1912) devised an apparatus by means of which a single fly, 
G. morsitans, infected with 7. brucei (T. pecaudi), fed on the citrated blood of a 
baboon through a piece of fine skin. After centrifugation of the fluid, they 
counted 1,562 trypanosomes and afterwards infected a mouse by inoculation 
of the fluid. Lloyd and Paisley (1929), from dissections of the probosces of 


TaBLeE VII 

















| | {| | 
| Incubation | | | | Incubation 

Fly Rat | Weight | period | Life | Fly Rat | Weight | - period Life 
M2 | 10422 | — | 4 | 16 || AAS3 | 1179 “a 4 5 27 
R17 | 1152 | — | 5 25 : 1303 85 | 4 | 27 
S8 1091 owe 5 29 || 1312 65 | 4 | 26 
: 1172 jae 6 15 1316 85 4 23 
163 | — | 4 16 AB8 1191 _ 4 «16 
» | 64 | — | 4 23 R 1300 90 5 6 | (C86 
TS | 1104 | — | 6 30 = 1307 60 5 | 43 
| 1200 | — | 6 21 1310.75 4 | 21 
» | 1229 si 5 23 AF4 1180 _ 6 «16 
T10 | 1230 om 4 5 2) AE8 1175 _ 4 21 
Z1 | «(1298 a 5 22 A 1166 220 4 18 
1299 sO. 5 23 AEIL9 1188 — { 36 
. ae we 4 5 25 1315 | 85 1 24 
AA27 | 1244 100 | 6 4] - 1196 | 150 6 29 
» | 13il 75 | 4 22 AGI 1178 — 5 34 
AA29 | 1215 _ 5 22 650 | 170 | 5 27 
- | 1301 90) 5 4] AHI | 1239 | 90 | 5 27 
a | 1304. | 95 4 25 7 1167 | 210 | 5 27 
AA5S | 1213 | — 5 29 || AH25 | 1247 | 120 | 7 24 

AA49 | 1235 | — | 6 29 | AH27 |; 1251 | 110 | 4 | 2% 
| | | 








The sign — means that the rat was not weighed. 


tsetse-flies infected with 7. vivax and T. congolense, thought that rarely more 
than 1,000 trypanosomes were injected during a bite. ‘These numbers would 
seem to allow enough margin to permit of infection with bites of very short 
duration. In ‘lable VII are shown some infections of rats with the same strain 
of T. rhodesiense as was used in experiments 1292 to 1297 and 1308, but conveyed 
by isolated tsetse-flies, G. morsitans. The flies were infected from small 
antelopes—dik-diks—at various dates during 6 months. Guinea-pigs were 





used as indicators of the presence of infected flies, and rats were used to isolate 
the flies. 
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In 8O per cent. of the rats in ‘Table VII the incubation period was either 
4 or 5 days and the duration of life was from 20 to 30 days. ‘The variations in 
the duration of life can be accounted for by differences in the resistance of indivi- 
dual rats. In rat 1300, for example, although trypanosomes were always present 
in the peripheral blood, they became much fewer after the 26th day. Four of 
the rats, viz., nos. 650, 1166, 1167 and 1196, were considerably heavier than 
the others, and rat 650 was at least 2 years old. ‘The ages and weights of these 
rats did not appear to affect the incubation period nor the course and duration 
of the disease. Whatever may be the local and general conditions that may 
influence the development of the trypanosomes after entering the tissues of the 
vertebrate host, it has recently been shown by an experiment in the Tinde 
laboratory by Professor Claus Schilling that a very brief bite may be followed 
by a long incubation period. I am indebted to Professor Schilling for permis- 
sion to refer to his experiment. He allowed fly AE19 (see ‘Table VII) just to 
insert the proboscis into the skin of three rats in succession, the proboscis being 
inserted for the same distance and time in each case as nearly as could be judged. 
The first rat became infected, the incubation period being 5 days and the 
duration of life 26 days. ‘The second rat did not become infected. ‘The third 
rat became infected, but the incubation period was between 23 and 31 days 
and the rat died on the 52nd day. It seems probable that it is the incubation 
period rather than the course of the disease that may be affected in some cases 
when extremely few trypanosomes of a fresh and heterogeneous strain of 
T. rhodesiense are inoculated. ‘The results of inoculations from very scantily 
infected birds and animals at ‘inde support this view. 


SUMMARY AND CONCLUSIONS 


Experiments were made with 7°. rhodesiense and white rats to see whether 
the number of trypanosomes injected and the body weight of the animals had 
an important influence on the character and course of the disease. ‘The range 
of doses of trypanosomes was from 100 to 100,000 and the body weights com- 
pared were 50 gm. and 100 gm. ‘The experiments did not show that either 
the dose of trypanosomes or the body weight, within these limits, had an 
important influence on the disease, though it seems that an extremely minute 
dose may in some cases be followed by a long incubation period. It was con- 
cluded that, even for the short period occupied in counting trypanosomes and 
injecting them in such experiments, serum should be added to Ringer-glucose 
solution when the latter is used as the diluting medium. It was observed that 
attachment to leucocytes occurred im vitro in these experiments and this may 
reduce the estimated number of trypanosomes. A comparison of infections 
produced by inoculation and by the bites of tsetse-flies, infected with the same 
strain of trypanosomes, showed that there was a considerable degree of 
uniformity. The incubation periods, course and duration of the disease, daily 
number of trypanosomes, as roughly judged in fresh preparations, and the 
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morphology as seen in stained thin blood films, were much the same in the 
majority of cases. It does not seem that individual flies differ much in regard 
to the disease they cause nor that cyclical passage causes important changes in 
the characters of the trypanosomes to take place. 
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Much experimental work has been done on the prophylactic and curative 
action of ‘ Bayer 205” in trypanosomiasis. It includes inoculation of small 
animals with old laboratory strains, field experiments on cattle and monkeys 
with wild tsetse-flies (Kleine and Fischer, 1922), a laboratory experiment on a 
monkey with laboratory-bred tsetse-flies (Duke, 1927), and epidemiological 
experiments in which ‘ Bayer 205 ” has been used for prophylaxis and treatment 
of native communities in sleeping-sickness areas. 


THE PROPHYLACTIC ACTION OF ‘BAYER 205° 


Laboratory experiments have shown that ‘ Bayer 205’ has a prophylactic 
action in small animals against some species of trypanosomes. Haendel and 
Joetten (1920) found that 1 mgm. protected mice for 14 days against a strain 
of Trypanosoma brucet, and similar results were obtained with rats, guinea-pigs 
and rabbits. Mayer and Zeiss (1920) also showed that animals were protected 
for months by strong doses of the drug. Brumpt and Lavier (1922) found that 
small doses of ‘ Bayer 205” exerted a protective action in mice for a few days, 
but so large a dose as 1 cgm. did not protect a mouse against 7°. bruce inoculated 
26 days later. Lange and Kersten (1924) found that 1 mgm. protected a mouse 
for 47 days, but the species of trypanosome is not mentioned in the review 
of their work appearing in the ‘ ‘Tropical Diseases Bulletin.’ Kligler and 
Weitzman (1924) observed that ‘ Bayer 205’ protected guinea-pigs and rabbits 
against 7. evansi, but, if given during the incubation period, did not prevent 
the development of the disease. Launoy, Nicolle and Prieur (1929, 1930) 
and Launoy and Prieur (1930, 1931) made many experiments on cats, rabbits 
and mice, using chiefly a virulent strain of 7. brucer. ‘To take three examples, 
they found that in cats a dose of ‘ Bayer 205” of 0-02 gm. per kgm. of body 
weight protected for 79 days, but not for 110 days, and in another case protected 
for 140, but not for 212 days ; a dose of 0-03 gm. per kgm. protected for 121 
days, but not for 157 ; and a dose of 0-04 gm. per kgm. protected for 121 days, 
but not for 157, though in another case it protected for 157 days. A few 
experiments only have been made on the prophylactic action of ‘ Bayer 205’ 

535 











096 


against infection by tsetse-flies. Kleine and Fischer (1922) found that the 
injection of 0-15 gm. into monkeys protected the animal in one case for one 
month, and in another for two months, against infection by wild flies. Duke 
(1927) gave two doses of 0-15 gm. to a monkey, no. 21. ‘The first dose was given 
on January 21st, 1926, and the second on March 30th, 1926. Each dose repre- 
sented 0-023 gm. per kgm. of body weight. Some flies (Glossina palpalis), 
among which was one afterwards found to have infected salivary glands, fed on 
the monkey from May 30th to June 7th without infecting it. Early in July, 
however, the monkey became infected with the Damba Island strain of 
trypanosome conveyed by G. palpalis. Several authors have recorded experi- 
ments made on native communities, and mention may be made of Van den 
Branden (1925, 1927), Fourche (1927), Fourche and Ricklin (1928), Bossert 
(1927), Arnaud (1929), Jamot and Chambon (1930), Brauwere and Lisfranc 
(1931) and Marqueissac (1932). The results varied considerably but have 
mostly shown that ‘ Bayer 205’ has a prophylactic action in man, as would be 
expected from animal experiments and from our knowledge of its curative action 
in man. 


EXPERIMENTS 


The present observations are chiefly interesting because a recent strain 
of 7. rhodesiense was used, transmitted by isolated infective laboratory-bred 
tsetse-flies (G. morsitans), and because the results are in agreement with the 
earlier work with old laboratory strains of trypanosomes, mechanically trans- 
mitted. ‘The history of the strain is shown in the following scheme, the dates 
of the infections of rats being given in the ‘Tables. 
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‘I'wo prophylactic experiments were made, the details of which are shown 
in Tables I and II respectively. In the former, the rats were of different 
weights and the intervals between the prophylactic injection of ‘ Bayer 205’ 
and the bite of the infective fly varied, a fly being used when available and 
convenient. In the latter experiment, the rats were all of about the same 
weight, from 80 to 90 gm., and were divided into two groups. ‘Those of one 
group, viz., 1162 a-k, received a dose of 0-014 to 0-015 gm. per kgm., and 
those of the other group, viz., 1162 A-—K, received a dose of twice the amount, 
i.e., from 0-028 to 0-03 gm. per kgm. All injections were made subcutaneously. 
Daily microscopical examinations of fresh blood preparations were made, 
except where otherwise indicated in the Tables. As has been frequently 
observed previously, the course of the disease in animals which have received 
an insufficient prophylactic or therapeutic dose of ‘ Bayer 205” is often longer 
than is usual in untreated animals, and is characterized by intervals during 
which trypanosomes are not found by microscopical examination. ‘This was 
observed in several of the rats of the present experiments. ‘The course of the 
disease in some untreated rats is shown in Table III. In these rats the disease 
was shorter and the trypanosomes were continuously present and numerous 
in the blood. Launoy and Prieur (1931) found that cats, infected after having 
received a prophylactic dose of ‘ Bayer 205,’ present a disease of inconstant 
course. ‘The animals may have (1) a normal illness, dying in the usual time, 
(2) a short illness followed by cure, or (3) a prolonged but fatal illness. In 
(2) and (3) a state of diminished virulence occurs. ‘They observed also that 
normal virulence is usually recovered at the second passage, but not always. 
Kleine (1924) found that the trypanosomes of cattle which had been treated 
with ‘ Bayer 205’ showed, when transmitted to monkeys, certain indications 
of the continuation of the action of the drug. ‘The trypanosomes could only 
be found with difficulty in the blood of the monkeys and sometimes would 
disappear entirely for many days. ‘Their virulence was reduced and the 
enlargement of the spleen was only slight. In Table IV are shown some details 
of an experiment to demonstrate the infectivity of 7. rhodesiense in relapses 
after treatment with ‘ Bayer 205.’ Rats were subinoculated during the relapses, 
and tsetse-flies (G. morsitans) were also infected by feeding on the rats. Three 
infective flies, viz., Y11, Y14 and AD5, were isolated and infected rats 1205, 
1263, 1189, 1302 and 1313, as shown in the Table. The course of the disease 
in the rats infected by subinoculation and in those infected by the bites of the 
flies was similar to that in normal infections. ‘Trypanosomes were numerous 
and almost continuously present in the blood. Even in the treated rats the effect 
of * Bayer 205’ was much less in the later period of the disease. In all the rats 
the morphology of the trypanosomes was unaltered, polymorphism and 
numerous posterior nuclear forms being observed. 









































ABP YiCE UO PdICT ' _- - = sos ot — gs ee | eee “co | 
¥O-CE FZ-1S OG-LI 9I-SI FI-CI ZI-1 | | 
—_ — conan! wae CLT | L216 
a 2 eee ae ee ee ee ce FETS | 
99 CF Ct GI LI €L IT 6-8 9 
—- — — —/ 24a co | FES 6 | | 
Chl TIT GL-11 £ | | | | 
a alah nen ek aie : ses eS aeiete canneries a a F OEE | ie 
inaction an | ¢ secre 
19 S€ OF OF SI 9 F | | | 
=S Se Sow a a ee ose | ag OF FEI SEZ0-0 O8 | O86 
GLI Sel OLI-8¢ FE LL IT 6 ¢-F | | 
Aep U316 UO paIc] = . a | slate A ios l wees ; owl gee | C9 FE 'G 
96-6E RC LO-IE O& GE-9F CE-FZ EE-GE 1E-OF SI LI-FI SI-IL L | | | 











aanceenen ao: nee teen aemmemenee Eo CRI GL8 
seentiieeed cata neice colar SM c CETUS 
<9 GE [6 12 GI L c-# | 
L Ss SS eee eee ee CIN If FEL 9 960-0 CGT 916 
a SLI LOT GOI-I¢ €€ 91 OL SF 
— —— a Soe Be cg tEs 6 | 
CFL TIT GL-11 Z| | o 
nee on nnRRneemaaaemnmnemenaEtaRem |_| —___———_|—_————| 320-0 00c | LLS 
cieeieeleeelncel WE ¢ efcl'o | 
19 SE OF OZ SI | 
eae ee a | |] 
ISBISIP 19Y4JO 1Oj PITTEM a einen aoe LY | Cg FES 6 | 
O[IT €L-Il L | | 
—e —-——- --— -—— aeenaenen |__| 60-0 00% | FL 
OE Sa A: SO Nae hie ata 9] ¢ fe TUG | 
19 SE OF OF SLO F 
ABp YT UO Psid re ec se: L’T CC GE ELIE | 60-0 CHC RL6 
OcI-t9 6 cE OL FL OT L-e | 
« 80Z | “WwU3y 
Ay Jo auq Joye sieq ‘ou | PAR, auq aoe $06 | -wi ut) ‘ou 
sawosourdxd) Jo 2UasSqR JO aDUaSaId =: ASBASIP Jo ASINOD Aly sie 8 jo ayeq JOACE , [tia yy | iy 
| SARC] | JO aso] | 








] wavy, 








AbBp UuieL uo PIC = — + ome +e ounce 4. omnes oof onan 


FS-FF EF CF LF-OF 6E-9E 


8h) 


ABP IGS UO PoIC] 
88—C8 FS—-E8 GR-GE SE-9E CE-LE OF-6G 8c-Ce Fe GEST LI OT CT FI-6 


—_~ -+- —a + 





‘ye [01]U0D & BuIgig NoYyIUIM Aep .Kou poip pue a/qaaj sem LLY APY— AON 





FL-39 19 O9-LE OF-6G Se-Ce Fe-LI YI-FI EI-Ol 6-8 L-s 


Aep Yicg UO pric] 


—s 7 o_o + _- ‘ - ~+ 


CE-tE Fe-EG GE-LI 9I-FL EI-6 


GE-LE OF 6G 8EG-Se 


ABpYy ig¢ UO pric] 3 
-— 


LO-GG 


1c Oc-9I SI-FI €I-8 L-I 


16-c8 LE I¢ FE 9G OI FI 


ABP YIY9 UO Pdi] ! — 4 — af _— 4 —_ 
O9-8G LE-Ge 


99 ch Cc OI LI EI Tl 6-8 9 


DQ 
I~ 
<D 
| 
— 








Aep YF UO Pq + — - 
St-9E CE-EE 








L6-€8 8¢ cE CE Le LI GI 





INouwIn} Jo} payiyy  — 
Isl c&l-es 


vo-9I SI FI-cl L1-6 8-9 ¢-T 





AUP UigpF UO PdIcT + — 4 ae 
Ic-6I SI-FI €1-6 8-L 9-1 


9L-89 EF 9G OG ST FI GI OT-6 L 


Ag | F 


| GN | 8 


L’T le 


8S 6t 


Gs CG 





fe SLO 


ee cL OL 


FEE 


0G 


| 
scr oa 





F0-0 


FO-0 


9£0-0 





| FEE FT 
——|_————_| +£0-0 
| SCT 1g | 
FEE GI 
-——_ —! €£0-0 
sired tc 
ee — a 
FRE “FT | 
——|—_————— ¢£0-0 
CE°S1'S1 
CL cl Fl c&0°0 
FEE ST | 


SE GL LE | 

















D+40 








Aep puce Uo ped 


on Oe — + —_— 









































| 98, 1 FEF OL!) Y “ 
IS-ZI Il OI-9 S-F | iL : . 7} 
—_ | 
Aep WIE UO pric] ~ + -— 7) ae If reps | f 
SE-II OI-6 8-9 ¢-F | 
Aep ygz UO pad - a oh aor) eee 6c repo | fF 
6c-E1I CI II-G F , | | 
Sep pigg uo pag a ee ee ee sL 8s | feRe | U “ 
€S-O& G6Z-LZ 9G-ES GCOS GI SI LI 9I-EI ZI-I1 OI-F 
Sep YIgg UO prIq + = +o — + = SL | 8c | eeRgo | 3 “ 
99-86 LG-#G &S-G6I SI LI-FI SI-F 
Aep YigZ UO pac -_ — + 8S Le | CHE HD | 
6c-cI Il OI-G F | 
Aep uyjog Uo palq +- a + — eC — OLL Le FE RP 
O€-8I LI 9I-ZI LI-OI 6-L 9-F 
Aep yicp UO posiq + — —+—+— SL 9 PE FE e 
FF-SI LI-9I GI-€I ZI Il OL 6-8 L-F 
ae ey . ————- ead me 
Aep Yigg UO peIq + —- - — + — O1lL . 9% tL P'S 2 “ 
C¢-0G GI-SI LI-€EI SI-IT OI-L 9-¥ 
_ mu . ee | _ es 
Aep yi¢g uo pag + —- + — + —- - — + — gS i Iz rsees | 9 “ 
€9-OF GE-SE LE-ZE IE OL-FZ EZ-1Z OZ-LI YI-EL FI-ZIL e-F | 
Aep 4sy~¢ uo pac] + — gS | IZ FEE 6S & SOLI 
0&-9 o-F 
a ae es —— oes 
| , GOS 
Ay Jo auq daae sd] ‘ou |) sadeg ,| anIq jo ‘ou 
soutosourdasy Jo aduasqe IO 90UaSaId : asBasSIp JO asino.) | Apa Jaye a1eq 1eY 














‘uidy sod “wis eT.) 
[I] wavy, 


"WS OG-O8 J4SIOM 


P > COZ JOABG 





: dnoiyy 








sARc] 


ee 








Atp YoF UO posi 














CVV 
OF-SI SGI-II OI-8 L 9 ¢-F 1Z 


OLL ss 








nee 
oo 








Avp Uige UO PdIC] - - be anes ; 
Se-1& Lo 9E-Fe &e-cE LE-6L SI-IT OL 6 &-L O-F 
sep yice Uo paid one : — — _ _ OL Pe EOC] is 
FC-CE IF-6E SE-FE CE-TE O&-Se 96 CE Fe-Ve GI-8T LI-EL CI-IL OL 6 8-F 
Aep yigge uo poic] -_ o— = — — OLL | oe te ¢lL¢ | H 
CC-OF GE S& LE-OE Ce-E& LE-8G LE-9E CE-VE GI SI-F 
Aep yjfe uo paid -— -- —— + — OTL CF FER CE . 7 
GS-1’ OF GH-EF GH LF-SE LE-FE EE-66 SE-F 
Aoduvusaid padurape—Aep Is[¢g UO poi] — SL it EEE RI oo 
=~ OE-GZ SE-LE YE-F 
he - —— Se NEED GSN a _ - a aig nageane nina ape cicnaesihalinsiil ee himpetininimin > on ey eee 
Sep pp BO psig] > =. a se OLL OF FELT | A” 
CF-FL EI-1T OL-8 L-F 
A eR &.L inc evil a” 
EX TI KE FE OC-F 
-——— — ‘| & rer Or | D “ 
r8 £9 6¢ Gg ISP 
a ae OIL | L¢ tet F aq” 
06 69 C9 T9 LO-F 
ee Ae a: | eee = — OLL ime £F 1 V c9ll 
$6 cL 89 F9 09-LE Fo-E¢ 8t-F 





"WIS OG-O8 IYSIOAY 


‘wy Jad ‘ws ¢¢).4) 2GQq J9Aeg , "Ty dnoiy 


‘ 








Kat 


042 


"TABLE III 


Normal infections 





Weight 


no. in gm. Date of bite | Fly no. 
1163 —- } aes | S8 


























Course of disease : presence or absence of 


trypanosomes. Days after bite 


Died on 16th day 


Died on 23rd day 








| 4-13 
1172 - 293.34 S8 Died on 13th day 
| 21 
1200 10.4.34 T's Died on 22nd day 
4 5-23 
1229 -- 18.4.34 T8 — Died on 23rd day 
4 5—19 
1230 —- 18.4.34 T10 Died on 20th day 
eee eee Eaeor eee ee J Bisteokis 
} 4 5-22 
1298 10,5.34 Zl | Died on 22nd day 
4 §-32 
1299 SO 11.5.34 Zi — Died on 33rd day 
4 5-56 
1300 O10) 14.5.34 ABS8 — Died on 56th day 
4 40 
1301 90) 14.5.34 AA29 -- Died on 4lst day 
~26 
1303 8) 15.5.34 AA53 Died on 27th day 
4-24 
1304 95 15.5.34 AA29 Died on 25th day 
4 5-42 
1307 60 16.5.34 ABS Died on 43rd day 
4-2] 
1309 85 18.5.34 AA29 Died on 22nd day 
1310 75 —— -18.5.34 AB8 has 
3 if t Oo, ‘ : 
, sa ' Died on 2Ist day 
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"TABLE I11—continued 


Normal infections 





Rat Weight | Course of disease : presence or absence of 
no. in gm. | Date of bite Fly no. trypanosomes. Days after bite 
| 121 
3 | 7) 18.5.34 AA2?7 Died on 22nd day 
| $—-25 

1312 65 | 18.5.34 AADSS Died on 26th day 
{24 

1315 85 20.5.34 AEI9 Died on 24th day 
4 ») 

1516 SO 21.5.34 AA53 Died on 23rd day 
| j-26 

1239 | 90) | 23,.5.34 All Died on 27th day 

| 1-6 7-23 

1247 | 120 25.5.34 AH25 Died on 24th day 
4-27 

125] 110 26.59.34 AH27 Died on 28th day 
5-26 

650 170 5.6.34 AGY Died on 27th day 
4-17 

1166 220) 5.6.34 AES Died on 18th day 
5-26 

1167 210 5.6.34 AHil Died on 27th day 
6-29 

1196 150 5.6.54 AEI9 Died on 29th day 
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TaBLe 1V 
Rat | 
no. | How | Infected) Date of | Course of disease : presence or absence of trypanosomes 
Weight | infected | from | infection Days after inoculation or bite 
in gm. 
1156 Inoc. | Rat 4 5-7 8 9-14B 15 16-19 20-22 23-29 30 31 32-33 34 
100 978 | 5.3.34 | — — { - — — — 
j 
| | 39-37 38-44 45-46 47-58 59-68 69 TO—-93 
| an - —— 
| Died on 94th day 
a Daren are —|- a ee ee eee aera = = eee 
L157 Rat | 4 5-7 8 9-14B 15 16-20 21-24 25-28 29-33 34-37 
120 978 | 6.3.34 — — — 
38 —65 
Died on 65th day 
1158 Rat 4 5-143 15 16-19 20-24 25-32 33-34 35-36 37-44 45 
110 Log] | 3.34 - — — 
| 46-57 
7 Died on 57th day 
1159 Rat | | 4 5-9 10 11-14B 15 16-19 20-23 24-60 61-63 64-71 
100 1091] | 5.3.34] — -- - — — 
ae 
| 72-74 75-77 78—90 
| : Died on YIst day 
Se ae bene eee asian on Sn Se aE ee eS EN Te ee ae cians a ——— 
1160 Rat | 4 5-7 8 9-14B 15 16-19 20-23 24-28 29-32 33-35 
110 1091 | 5.3.34] — a _ — 
| 36-58 
| Died on 58th day 
1168 | Rat | | 4-6 7-42 
| . 
| 1157 | 28.3.34 1 — Died on 43rd day 
1169 | Rat | | 4 5-6 7-8 9-25 
| L158) | 28,3.34 | — a Died on 26th day 
SS ene Sane Se . ne 
1170 | | Rat | 4-5 6-8 9 10-34 
1159) | 28.3.34 | Dicd on 84th day 
| 
1171 =| Rat 4-5 6-8 9-10 11-29 
1160 283.34 | — ~-- Died on 30th day 
1197 Rat 1-6 7 8-27 
1157 5.4.34 Died on 28th day 
1198 oe Rat 4—27 
1160 5.4.34 Died on 27th day 
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TaBLE IV—continued 








Rat | | | 














| 7 . = : 
no. | How | Infected; Date of | Course of disease : presence or absence of trypanosomes 
Weight | infected | from infection) Days after inoculation or bite 
in gm. | | 
SREESED: eeeeeee” rae ee ee ee en sinister aia 
1189 | Fly % | 4 5-25 
| Y14 bis 26.4.34 | — 4 Died on 25th day 
spaisbaidinaiiianis toitadictpidlnasicnadgtas iD icctaiae tidieealaddsslisanciateiissniieaivesteadiipts sienna - — 
1205 | Fly = | 4-26 
1 yu [foes | o7434) 4 Died on 26th day 
1263. | Fly a 4-6 7-21 
YI1 Po 2.5.34 | — Died on 22nd day 
J — 
1302 ly | 4 5-39 
AD5 a & 14.5.34 | — + Died on 39th day 
1313. | Fly .7 | 4-25 
| ADS |] * 20.5.34 | 4 Died on 26th day 
| | 
| | 
B = ‘ Bayer 205” injected subcutaneously on the 14th day after inoculation ; 1 c.cm. of 


0-2 per cent. solution. 
Rat 978. See Table I. 
Rat 1091. Infected by fly S8. Incubation period 5 days ; lived 29 days. 


SUMMARY 


Experiments were made to show the prophylactic action of ‘ Bayer 205 - 
against the bites of isolated tsetse-flies (G. morsitans) infected with a recent strain 
of 7. rhodesiense. It was observed that a dose of 0-015 gm. per kgm. of body 
weight did not protect white rats for 21 days, and that a dose of 0-03 gm. per 
kgm. failed to protect for 40 days. Various other doses and periods are shown 
in Table I. The restraining action of ‘ Bayer 205” on the development of the 
trypanosomes was not continued in rats subinoculated from treated rats during 
a relapse, nor in rats bitten by tsetse-flies infected from treated rats during a 
relapse. 


COMMENTS 


The chief interest of such experiments depends on how far the results can 
be applied to man and domestic animals. Kleine (1924) has stated that the 
sensitiveness of trypanosomes to a drug depends largely on the type of animal 
host, and must not be estimated on the basis of weight when different species 
of animals are under consideration. He regarded it as imperative to ascertain 
for each species of animal the dose which under normal conditions exercises 
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an influence on the trypanosomes. It would seem that carefully devised experi- 
ments on man are necessary before a final decision can be made on the question 
of whether the drug should be given prophylactically to man or not, and, if so, 
in What doses. Maver (1928) has advised its use for European travellers, 
hunters, missionaries and traders, and recommended that 2 gm. should be given 
for the first dose and I gm. every three months afterwards. ‘The chief difficulty 
seems to be the question whether the drug might cause such attenuation of the 
virulence of the trypanosomes 2s to make diagnosis difficult. A case of latent 
trypanosomiasis (7. gambiense) in man, described recently by Moustardier, 
Sice, Mercier and Varneau (1934), 1s of interest as regards difficult diagnosis. 
It may be suggested that some of the more obvious points are the following :— 

|. ‘The drug has a strong prophylactic action in animals and may be 
concluded to have the same 1n man. 

2. ‘The action varies somewhat in degree in individual animals of the same 
species ; 1t may be expected that this will also occur in man. 

3. When the drug fails to protect, the infection in animals is usually acute 
and is characterized by periods when trypanosomes cannot be found in the blood 
by microscopical examination, ‘This may occur in man also. 

4. So far as our experience goes, an attack of Rhodesian sleeping sickness, 
in all untreated non-natives and in most natives, can be diagnosed easily with the 
microscope, and 1f an early diagnosis is made, as it should be in all non-natives, 
the disease is rapidly cured by ‘ Bayer 205.’ 

5. It seems to be impossible to form any estimate of the risk of becoming 
infected during a visit to a sleeping-sickness area. One European medical officer 
in ‘langanyika ‘Territory was much exposed to bites of G. morsitans or G. swynner- 
toni in sleeping-sickness areas during several years and finally became infected. 
Another was also much exposed for about eight years and did not become 
infected, but his susceptibility was shown by his becoming infected in a 
laboratory experiment. <A third became infected on his first visit to a 
G. swynnertoni area after exposure for only a week or two. 
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I NOTES ON THE DISTINCTUS SERIES OF ANOPHELES, WITH 
DESCRIPTIONS OF NEW FORMS CCLLECTED BY DR. J. SCHWETZ, 
MR. G. H. E. HOPKINS AND PROFESSOR E. BRUMPT 


The Ethiopian species A. distinctus, A. wellcomet, A. schwetzi sp.nov., 
A. walravensi and also A. theileri, type form, all share a peculiarity in wing 
markings, namely, the reduction or loss of some of the pale costal spots, especially 
of the sector and subcostal, at least the basal 2/3 of the costa being entirely dark 
in the first three species. ‘These three and A. walravensi would appear to be 
related to each other, but the characters of the ¢ terminalia are still unknown 
except in the case of walravensi, and the early stages are known only in the case of 
distinctus. 

I have examined the pharynx of a few specimens of A. wellcomei and of the 
2 type of the former distinctus var. melanocosta (now a synonym of distinctus) 
and find that the structure does not differ from that typical of group Myzomyza, 
except that the number of well-developed rods and cones is rather small—about 
Sto 10. No marked differences were observed between the pharyngeal armatures 
of these two forms. 

Although A. theileri differs strikingly from the other four in hind tarsal 
markings, the larva and pupa possess many peculiar features (see below) in 
common with those of A. distinctus, the early stages of the two species and of their 
varieties here described being almost indistinguishable, but markedly different 
from those of all others so far known. ‘These species thus form a most interesting 
series, and it is greatly to be hoped that the early stages and 3 of the species 
in which they are still unknown will soon be discovered. 

The following are some of the unusual characters common to the larvae 
and pupae of A. theileri, A. distinctus and the varieties of these species here 
described. 
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Fic. 1. Larval details. Anopheles distinctus Newst. and Cart., type form: A.—Palmate 
hair of abdominal segment IV ; B.—2 leaflets from thoracic palmate hair ; C.—Pecten. A. dis- 
tinctus var. ugandae var.nov.: D.—Abdominal segments IV and V ; F.—Part of IV enlarged to show 
spicules ; /'.—Clypeal hairs; G.—Tip of antenna. A. theileri Edw., type form: H.—Tip of 
antenna. A. theileri var. septentrionalis var.nov.: J.—Antenna. 6.—blades ; /.—finger-shaped 
process ; 0.—hair ‘o’; p.—papilla; s.—spicular process. H. and G. with different orientation, 
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Larva. /lead (fig. 1, G—I). Antenna with conspicuous internal spicular 
process at end of shaft (neither papilla nor finger-shaped piece of Christophers 
and Puri, 1931; Puri, 1931). 

Thorax (fig. 1, B). Integument of ventral surface covered with hair-like 
spicules which extend on to the dorsum in front and laterally. ‘These and the 
abdominal spicules are seen best in larvae examined either in water or in a 
mountant less transparent than canada balsam. 

Palmate hair unusually well developed ; leaflets sometimes 17 in number, 
similar in character to those of abdomen, but smaller, narrower and with few 
serrations: filament sometimes as long as blade. Dorsum of metathorax 
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Fic. 2. A. distinctus var. ugandae var.noy., pupa. A.—Paddle ; B.—Spines of fringe, to 


larger scale ; C.—Hooks and spines of cephalothorax to same scale as B. 


commonly with chitinous plates more extensively developed in thei/er7 than in 
distinctus. 

Abdomen (tig. 1, A, C—E). Ventral surface of all segments with belts 
of relatively large, dense, hair-like spicules spreading on to the dorsal surface 
as shown in fig. 1, D. Palmate hairs relatively large; on IV and V with a 
comparatively small number of well-developed leaflets (about 9 to 14) ; leaflets 
with the serrated portion elongated to about the length of the rest of the blade, 
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and gradually narrowed, but with outline often irregular ; serrations numerous 
and mainly sharp; width of blade very variable. Filaments usually about 
25 to half the length of blades, and mainly consisting of very delicate linear 
termination. Tergal plates on IV and V characteristically convex anteriorly 
and concave posteriorly. Accessory tergal plates three in number, the posterior 
pair relatively large and commonly showing tendency towards division into two. 

Pura (fig. 2). Cephalothorax with a row of ventrally directed hooklets. 
Paddle. More nearly ovoid than usual in Mysomyra ; fringed externally, with 
unusually coarse spines; hairs continued for some distance along internal 
border. 

Ingram and De Meillon (1929) state that the pupa of theileri makes a habit 
of ‘ wriggling out of the water and maintaining itself above the surface film,’ and 
they suggest that the cephalothoracic hooklets are of use to it for this purpose. 
The latter author has found that the larva also possesses this habit, and considers 
that the spicules on the venter and sides are correlated with the ability to hoist 
itself out of the water. ‘The fact that Hopkins has observed similar behaviour 
in the larva of distinctus var. ugandae var.nov. appears to be convincing proof of 
De Meillon’s assumption. 

In discussing the characters which separate the varieties of thezler described 
by Edwards (1929), Christophers and Puri (1981) described a form which 
approached typical thezleri in several characters, but whose larva, which they 
described in detail, is almost identical with that of hancock from the type locality 
in Uganda. Study of specimens collected by the present writer in Freetown, 
and also material of the type form of hancocki from Uganda and of type-form 
theilert from South Africa, has shown that most of the adult colouration 
characters are subject to variation. ‘The most constant difference appears to be 
the presence in A. theileri and the absence in A. hancocki of a dark ring at the base 
of the third hind tarsal segment. 

The $ terminalia of four South African theilert received from Dr. De 
Meillon showed no very marked constant differences from those of five Kampala 
hancocki received from Mr. Hopkins. ‘The leaflets were, however, on the 
average more numerous in thezleri (6 to 10) than in hancocki (5 to 7) ;- they were 
also narrower in the former when seen on the flat, and had fewer serrations than 
the latter. 

A. hancocki possesses none of the peculiarities that characterize the early 
stages of theileri and distinctus ; it is obvious, therefore, that in spite of the 
similarity of the adults the two are distinct species. ‘The larva and pupa of 
theileri var. septentrionalis var.nov. are practically indistinguishable from those 
of the type form, and, as the new variety approaches var. seydeli in tarsal markings, 
it appears probable that the Congo form is also a variety of theilert rather than 


hancock. 
A new species and two varieties in the series are described below, and a key 
for the separation of some of the forms 1s given on p. 559. 
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Anopheles distinctus Newstead and Carter 

Dr. E. S. Adderley’s recent discovery of the early stages and of a number 
of 22 at Ndola, Northern Rhodesia, has greatly increased our knowledge of 
this species. At Dr. Edwards’s request 1 compared two of Dr. Adderley’s 
©? with the type material of A. distinctus. ‘The colouration of the thoracic 
integument was paler in the Ndola specimen seen than in the type, the mesono- 
tum being mainly yellowish-brown and the pleurae straw-coloured (in the type 
the thorax is predominently dark brown). Further, the pale wing scales of 
Dr. Adderley’s 29 showed a much more decided yellow tinge, but, as the other 
characters were in agreement, it was concluded that the Ndola specimens were 
distinctus and that the species is variable in integumental colouration ; the 
degree of yellowness in pale wing scales is often variable in species of Anopheles. 

It should be noted that the hind tarsal rings in the specimens sent to me 
were, as usual, apical in position, not basal as stated in Adderley’s short account 
of the adult characters of the species. 

Pura. A pupa kindly lent to me by Dr. De Meillon agreed with A. theilert 
in the characters given on p. 552, and was very similar to that of dzstinctus var. 
ugandae (see below) in the main details of chaetotaxy, slight differences being as 
follows :—B, with 8 branches on VI and 4 branches on III—V; C, on VII bifid 
at one side. 

Larva. In describing the characters of the larva, Adderley (1932) 
emphasized its close similarity to that of A. theilert. ‘Through the kindness 
of Dr. De Meillon I have been able to examine some of the larval material and to 
illustrate some details. 

Of the differences from the larva of theileri noted by Dr. Adderley, that 
relating to the narrower tergal plates is probably constant. In a specimen of 
distinctus measured, the width of the plate on V was about half the distance 
between the palmate hairs, whereas in specimens of theileri the fraction is about 
2/3 to 3/4. ‘The outer clypeals are sometimes very short in theileri—as in distinctus 
—and the degree of metathoracic chitinization is subject to some variation in 
the former, though it is usually much more extensive than in distinctus. 
Measurement of typical palmate-hair leaflets showed no appreciable difference 
in length between the two species. 

A few characters, such as abdominal chaetotaxy, were not studied, but it 
was seen that in one specimen the mentum bore only 3 pairs of lateral teeth, 
as 1n theilert. From the condition in distinctus var.ugandae (see below), it seems 
probable that there is a difference between distinctus and theileri in the size of the 
spicular process at the end of the antenna. ‘lhe character was not, however, 
examined in the type form of distinctus. 





Anopheles distinctus var. ugandae var.nov. 
This variety, which has been bred from larvae in Uganda by Mr. G. H. E. 
Hopkins, closely resembles pale forms of distinctus, and the wing markings are 
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very similar to those of the type of the former var. melanocosta. It differs in the 
banding of the Y palps. ‘The hind legs are missing in the type, but they have 
been examined by Mr. Hopkins in two other 98 and found not to differ materially 
from those of distinctus. 

Apu_Lt. &. Palps with 3 pale bands, the 2 distal ones broad. Under a high 
magnification, the apical pale band of at least one palp of the type is seen to have 
laterally a broad area of pale ochraceous brown scales, leaving the tip narrowly 
white and tending to produce a 4-banded appearance at one side. As the other 
two 2 were originally thought to be a form of marshalli, their palps were 
evidently 3-banded. 

Pupa (fig. 2). Paddle. Shape more nearly ovoid than usual, but apparently 
less so than in theileri and the type form of distinctus. External border with 
fringe of very large, stout, rather blunt spines which extends for most of its length 
but is replaced abruptly by delicate hairs just before apical bristle, the hairs 
continuing along internal border for more than 2/3 its length. Apical bristle 
rather short and curved, but not hooked. Accessory hairs small and apparently 
simple. 

Spine A. VIII, with about 16 fine branches ; VII, stout, almost straight, 
slightly less than 1/3 length of segment VIII; V and VI, equal to VII; IV, 
slightly shorter ; III, slightly shorter than IV ; II, minute, unchitinized. 

Bristle B. VN—VII, about 1/2 to 3/5 length of succeeding segments, with 
about 4 to 6 branches ; III and IV, with about 2 to 3 branches. 

Bristle C. V—-VIUI, about equal to length of succeeding segments, simple 
(perhaps bifid at extreme tip in some cases) ; III and IV, with 2 to 3 branches. 

Integument of abdomen with marked squamose appearance, probably 
enhanced by the mountant. 

Cephalothorax (fig. 2, C). A row of small hooks, about equal in length to 
the fringe spines of the paddle, present on wing cases, and, in addition, a vertical 
elongate patch of smaller blunt spines, the exact location of which could not be 
determined. Respiratory trumpet open practically to the base. 

Larva (fig. 1, D—G). Larvae and pelts resembled those of the type form 
and of A. theileri in the characters listed above. ‘The following additional points 
may be noted :— 

Head. Outer clypeals, as in type form and some specimens of thezlert, 
very short and bluntly pointed distally. Antenna with internal spicular process 
at end of shaft (fig. 1, G, s) even more strongly developed than 1n thezvlert. 

Thorax. Metathoracic chitinization consisting of not more than 3 small 
plates. 

Abdomen. Segments IV and V as illustrated in fig. 1, D. Hair ‘0’, as in 
theileri, relatively conspicuous on most of segments. ‘Tergal plates on IV and V 
about 2/3 the distance between the palmate hairs. 
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Ucanpa. Kampala, King’s Lake Area, August, 1931, Mr. G. H. E. 
Hopkins. ‘l'ype 9 reared from larva ; also a number of larvae and of larval and 
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pupal pelts. ‘lwo 9 reared from larvae were, unfortunately, destroyed in 
transit, but they obviously conformed in the main to the type. ‘Type in 
British Museum. 

BREEDING PLace. Mr. Hopkins informs me that the larvae were taken in an 
abandoned sand-pit somewhat overgrown with vegetation. 


Anopheles wellcomei ‘lheobald 

The wing markings of the darkest specimens are very similar to, and may 
even be slightly darker than, those of the paler forms of distinctus, and it has been 
suggested that the latter is at most a variety of wellcomet. It appeared to the 
present writer, however, that the flavescent proboscts and palps of we//comez, 
if constant in Sudan material, would constitute a very marked distinction 
between the two forms. ‘Through the kindness of Professor Buxton and the 
Sudan Government Entomologist and Assistant Entomologist, I have been able 
to examine about 30 929 of wellcomci from different localities in the Anglo- 
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hic. 3. Anopheles wellcomei Theo. A.—Proboscis and palp of 2 from Masser, Sudan. B.— 
End of palp of another Sudan specimen showing variation in marking. c.—creamy scales; y. 
yellow scales. 


IXgyptian Sudan. In all cases where the character could be clearly made out, 
the proboscis and palpi were, as described by ‘Theobald, flavescent, the outer half 
of the proboscis being whitish or very pale scaled, and the palpi having dark 
brown scales confined to the basal third, the darker scales on the outer portion 
being yellow and mostly very pale (see fig. 3). As this character is apparently 
constant in wellcomet from the Sudan, it seems better to regard the two forms as 
specifically distinct until it can be shown that intergrading occurs. For the 
present the two species can be distinguished by the characters given in the key 
(see below). 
Anopheles (Myzomyia) schwetzi sp.nov. 

Dr. Edwards has kindly lent me the type material of this species to compare 
with the type of A. distinctus. ‘The comparison supported Dr. Edwards’s 
opinion that it was probably a new species, and he kindly permitted me to 
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include a description of it in the present paper. ‘lhe distinctions from 
A. wellcomei and A. distinctus pointed out in Dr. Edwards’s letter of 
December 15th, 1931, have been incorporated in the description. 

A medium-sized species. 2 palpi with four narrow pale bands, that at the 
apex minute. Mesonotum with integumental markings very distinct (fig. 4, C) ; 
densely clothed with scales of moderate width ; a well-developed scale patch 
above wing roots. Wzngs with costa entirely dark on about basal three-fifths. 
Front tarsi with narrow apical rings on first 3 segments ; hind tarsi without 
distinct rings. 

















Fic. 4. Anopheles schwetzi sp.nov. A.—Wing of type 9; B.—Palp ; C.—Thorax to show 
dorsal markings as seen from before ; scales from parts of mesonotum indicated (in situ when 
drawn) ; £.—Hind leg ; /.—Front tarsus. 


ApvuLt. 9. Head (fig. 4, B). Some yellowish or ochraceous scales occur 
between the white anterior scales and the dark brown posterior ones.  Palpal 
index about -3 to -4. Palpi with a very narrow pale band at the apex of the 
second segment, narrow bands extending on both sides of the next two articu- 
lations and the apex of fifth with a very few pale scales. 

Thorax (fig. 4, C). Mesonotum with the usual bluish-grey median area 
and dark brown fossae, but with the dark brown central stripe and scutellar 
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spot unusually well developed, appearing as shown in fig. 4, C, when viewed from 
before ; the deeper grey posterior stripes are also more distinct than usual. 
Median area considerably denuded centrally, but what scales remain are mostly 
of moderate width (index about 6 to 8) intermixed with a few much narrower 
ones ; an area of scales extending from before the antescutellar space to about 
the middle of the mesonotum is yellow, the rest being white, except for a few 
yellowish ones on fossae. At each side of median area above fossae a dense 
elongated patch of rather broad scales (index about 5 to 6), and a well-marked 
patch above wing roots of long scales, some of them broad distally (fig. 4). 
Bristles mostly detached. Pleurae with 3 pale bands indicated ; a few scattered 
dark scales appear to be in situ ; a few pale scales associated with mesepisternal 
bristle-groups in type. Propleural bristles, 1 to 2. A single dark spiracular hair 
present in paratype. 

Abdomen. Integument blackish ; bristles and hairs mainly pale on tergites, 
some of those on sternites blackish. Cerci with some dark or transparent scales, 
ventrally at least. 

Legs (fig. 4, E, F). Knee spots small on tibiae and mid- and hind femora. 
Front tarsi with narrow pale apical rings on first three segments. Mid tarsi 
without distinct rings. Hind tarsi unbanded. Coxae and trochanters somewhat 
paler than ground colour of pleurae, the hairs and bristles mainly pale on those of 
hind legs. Scales present in the usual positions on the fore coxae and the 
trochanters. 

Wings (fig. 4, A). Pale scales, creamy white. ‘lhe wing of the type is here 
illustrated. It bears a considerable resemblance to that of the type of distinctus, 
the costa being almost identical. ‘The first vein differs from that of distinctus in 
having a pale interruption on the third main dark area. The other specimen of 
schwetzi agrees with the type in possessing the interruption, and in most other 
respects, but the subapical pale spot is complete on the first vein ; the fringe is 
continuously dark round the apex of the wing to below the end of the third vein, 
and the stem and branches of the fourth vein are darker ; the fringe spots are 
very small. Outstanding scales of veins apparently somewhat shorter, broader, 
and less dense than in distinctus, but the two specimens differed to some extent 
in this respect. 

3 unknown. 

In external characters this species most closely resembles A. distinctus and 
walravensi, differing mainly from the former in the palpal banding, and from 
both in the scaling and more distinct markings of the mesonotum ; other differ- 
ences are given in the key (see below). 

BELGIAN Conco:: Kalunga, Katanga, type 9, taken October 23rd, 1925, by 
Dr. J. Schwetz. 

FRENCH SUDAN: Renk, paratype 9, taken in 1928 by Professor E. Brumpt 
and received from Dr. H. Galliard. 

Type ° in British Museum ; paratype 9 kindly presented to Liverpool 
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School of ‘Tropical Medicine. At the request of Dr. Edwards the species is 
named in honour of its discoverer, Dr. J. Schwetz. 


Anopheles theileri var. septentrionalis var.nov. 


In 1931, Mr. G. H. E. Hopkins obtained at Arua, Uganda, a 3 and 9 of a 
form of theilert most nearly resembling var. seydeli Edw. It was thought at the 
time that these might be atypical examples of that variety, but recently a specimen 
showing almost identical characters was sent to Dr. Edwards from Torit, Anglo- 
Egyptian Sudan, and it was, therefore, decided that the three specimens must 
represent a distinct varietal form of A. theiler?. Dr. Edwards has kindly allowed 
me to examine the Sudan specimen. 


Fic. 5. Hind tarsus. A.—A. theileri var. septentrionalis var.nov.; B.—A. theileri var. 
seydeli Edw. 


The varietal characters are as follows :— 

©. Legs (fig. 5, A). Hind tarsus with third segment white at base, this 
being followed by a dark area occupying nearly two-thirds of the segment. 
Fourth and fifth segments entirely pale. Second segment with or without a 
complete or partial, narrow, pale, basal ring. 

Wings. Basal 1/4 of costa with 2 pale interruptions. First vein with 
no extension of pale scaling above stem of second vein. Fifth vein with a 
moderate-sized to rather long dark area towards base. Wing scales broader than 
in type form, being at least as broad as in A. hancockt. 

3S. Terminalia. The structure in the one ¢ differed from that of four 
‘Transvaal specimens of A. theileri examined (kindly sent by Dr. De Meillon) 
as follows :—Harpago without indication of inner accessory hair. Leaflets 
relatively longer, about half length of phallosome (2/7 in type form) ; longest 
leaflet with about 7 well-marked serrations on distal 2/3 (serrations very 
scanty in type form). 

Larva (fig. 1, I). Mr. Hopkins obtained in Arua, in February, 1932, larvae 
which are almost certainly those of the present variety. The larvae are practically 
identical with those of the type form, sharing with them and with those of 
A. distinctus and its variety several peculiarities which are referred to on p. 551. 

The spicules of the larval integument were more obvious in the pelts of 
A. theileri seen, but it is probable that the difference observed was due to the 
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character of the mountants used. ‘The internal spicular process (fig. 1, I, s) 
of the antenna was longer than in the type form, but the character has been 
studied in a limited amount of material only. The tergal plates appear to be 
rather variable in width. 

Ucanpa: Type 3 and 9, Arua, February 26th and June 8th, 1931, Mr. 
G. H. E. Hopkins. 

ANGLO-EGYPTIAN SUDAN: In house, Torit, October 19th, 1933, Medical 
Officer of Health. 

Type in British Museum. 

This variety differs from var. seydeli Edw. (figs. 5, B), which it most 
nearly resembles, mainly in the absence of a dark ring on the fourth hind 
tarsal segment and in the narrower pale ring at the apex of the first segment. 
From the type form it differs mainly in the markings of the third hind tarsal 
and in the presence of pale interruptions in the basal quarter of the costa. In the 
absence of extended pale scaling on the middle third of the first vein, it differs 
from the usual condition in theileri, but it appears from specimens received 
from Dr. De Meillon that this character is subject to great va.iation in the type 
form, and the first vein may be without any extension of pale scaling. 

Variation. ‘The base of the second hind tarsal segment showed a narrow 
pale ring in the 3; in the Uganda 9 the ring was represented by a few scales 
dorsally, and in the Sudan Q pale scales were entirely absent. 


PROVISIONAL KEY FOR SEPARATION OF THE @ @ OF A. distinctus AND THE 
ANOPHELINES RESEMBLING IT 


1. Outer half of proboscis with creamy or whitish scales ; 
palpi with dark brown scales confined to the basal 


one-third - : . wellcomei Theo. 
Outer half of proboscis dark osateibe “ated “iil dark- 
scaled areas on outer two-thirds wih 2 
2. Palpiwith3 pale bands .. 3 


(but outer pale band may show faint indication of 
division into 2 in distinctus var. ugandae) 


Palpi with 4 pale bands. ~ is pn wight 
3. Palpi with only the apical sits band broad ; nani 
scales mostly broad or rather broad .. ve .. walravensi Edw. 


Palpi with both distal bands broad ; mesonotal scales 
very narrow except at extreme front .. - .. distinctus var. ugandae var.nov. 


4. Mesonotum with scales mostly very narrow and without 
a patch of well-developed scales above and in front of 
wing roots ed a Bs aa J .. distinctus N.and C., type form. 


Mesonotum with broad scales at sides in front, and else- 
where with scales mostly of moderate width or rather 
narrow ; a patch of well-developed scales above and 
infrontofwing root... ws re ‘ .. Schwetzi sp.nov. 
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Il. A NEW GROUP AND TWO NEW SPECIES OF 
ANOPHELES (MYZOMYIA) RECEIVED FROM DR. D. BAGSTER WILSON 


Group Eomyzomyia new group 


Terminalia of 3 as in subgenus Myzomyia, but one of group of 4 parabasal 
spines very slender. Pharynx of 2 without armature of definite teeth. Costal 
markings as in subgenus Myzomyia. Larvae with inner clypeal hairs well 
separated, and leaflets of palmate hairs with shoulder and filament ;_ hair on shaft 
of antenna branched and relatively larger than in other species of Myzomvia. 
‘Type species A. wilsont sp.nov. 


Anopheles (Myzomyia) wilsoni sp.nov. 

A very small anopheline. 

2 palpi with 3 or 4 pale bands, the apex dark or narrowly pale. Mesonotum 
without true scales except on anterior promontory ; anterior pronotum with tuft 
of scales. Front and mid femora with subapical pale spots; tibiae and mid 
femora sometimes with faint indications of speckling. Front tarsi with apical and 
basal banding ; /ind tarsi with narrow apical rings. Wings with 4 main pale 
costal spots and 2 basal costal interruptions. 

AvuLT. &. Head (fig. 6, B, C). Pale scales relatively rather few in number ; 
frontal tuft well developed with at least 12 long flattened white bristles. Antennae 
with some dark scales on first flagellar segment. Palpal index -65 to ‘68. Palpi 
with narrow pale bands at apices of second to fourth, and, in one female, also 
at apex of last segment ; scales shaggy except on last two segments, but all palpi 
somewhat rubbed so that exact degree of shagginess not determined. 

Pharynx (fig. 6, H—K). The pharynx of the type and another 2 have been 
examined, and the structure found to be to some extent intermediate between 
that of the subgenera Anopheles and Myzomyia. Dorsal papillae only shown 
in one preparation ; in addition to 6 well-developed papillae, a smaller darker 
one occurs anteriorly at the right side, and a possible eighth proximally in the left 
series (this lies laterally in a fold in the mount and its structure cannot be deter- 
mined). Lateral flanges small. Ventral chitinization of posterior part of mid- 
pharynx well developed, but no ventral flange projects from surface. Posterior 
hard palate in paratype as in fig. 6, K (in the type its posterior border is not dis- 
tinguishable) ; pigmented area very indefinite in paratype, not clearly seen in 
the other preparation. Pharyngeal bar concave posteriorly. No armature of 
definite teeth, but a row (about 7 if complete) of groups of minute spicules 
arising from areas which may or may not be faintly chitinized (fig. 6, I, J). 
These groups of spicules appear to be homologous with those present in species 
of subgenus Anopheles, and are somewhat similar to the pharyngeal ridges in 
certain species of Myzomyia; their position in the present species suggests 
that the pharyngeal teeth in Myzomyia may have arisen from such structures. 
When the first preparation was examined it was thought that pharyngeal teeth 
might have been torn away during dissection; special precautions were, 
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therefore, taken in mounting the second specimen, the wall of the pharynx being 
left 7 situ for some distance on each side of the pharyngeal bar. 
Thorax. Mesonotum, when viewed from the front, largely pruinose, with 























Fic. 6. Anopheles wilsoni sp.nov. A.—Wing, 2 ; B.—Diagram of palp of type 2 ; C.—End 
of palp in another 2; D.—Hind leg; E.—Front leg; F.—Parabasal spines of ¢ coxite ; G.— 
Phallosome and harpago ; H.—Posterior part of midpharynx of type 9, ventral aspect ; /.—Spicule 
groups enlarged ; ¥.—same of paratype ; K.—Posterior hard palate of paratype 2. F. and G. to 
same scale as H. 7.—innermost parabasal spine ; #.—membraneous area ; v.c.—ventral chitiniza- 
tion ; x.—Portion obscured by overlying material. 





dark longitudinal and scutellar markings, but the specimens somewhat distorted 
so that extent of dark lateral areas not determined. Anterior promontory 
with the usual white narrow scales in the middle, and dark lateral tufts ; else- 
where the median area clothed with short pale scale-like hairs, pale bristles, and, 
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at the sides, with dark bristles. Anterior pronotum with tuft of dark scales 
arising from the lower surface in front ; bristles present on upper surface and also 
associated with scale-tuft. Propleuron with one bristle. Pleurae blackish, with 
indications of 3 bands of grey pruinosity. Only 2 spiracular hairs present in 
most cases ; only about 4 upper mesepimeral hairs. 

Abdomen. Integument blackish. Bristles and hairs of dorsum pale 
(except in certain lights); venter with dark bristles. Sternite VIII with 
numerous dark hair-like scales. Cerci with dark scales. 

Legs (fig. 6, D, E). Front femora swollen at base, with a subapical spot, 
and ventrally with a broad pale stripe (shown partially in fig.). Mid femora 
with a pale stripe beneath, and, externally, with a pale line or row of obscure 
pale spots giving faint speckled effect ; subapical pale spot or band present. 
Hind femora pale beneath, with a few pale scales at apex. ‘Tibiae with apex 
pale and a stripe of obscurely pale scales which may be broken up, giving 
appearance of faint speckling. First segments of all tarsi sometimes with 
pale scales beneath. Front tarsi with well-marked apical rings on first 3 
segments, apices of last 2 sometimes obscurely pale ; bases of first 4 segments 
pale scaled, those of second to fourth very narrowly. Hind tarsi with distinct 
pale rings at apices of first 4 segments, narrow on second to fourth. Mid tarsi 
with very faint indications of apical pale scaling. Coxae mainly pale ; without 
scales. ‘l'rochanters pale; scales present externally on those of front legs, 
one or two on those of hind legs. 

Wings (fig. 6, A), with typical Myzomyia spotting. Pale scales, creamy 
white. Costa with 4 main pale spots and 2 well-marked basal interruptions. 
Outstanding scales relatively short and broad. ‘The wings of the other two 29° 
show very little deviation from that illustrated here; the chief individual 
differences are: accessory sector spot on first vein considerably larger ; pale 
spot present at apex of lower branch of second vein ; outer pale area on third 
vein considerably larger or smaller. 

Wing length. 3-1 mm. (caught 9). 

ApuLt. ¢. Palpi. Club with two pale areas of moderate size and pale 
scales at base. 

Legs. Front tarsi with basal banding less well developed than in 29 ; hind 
legs missing in type. 

Wings. Differing from 99 in having third vein entirely pale except for a 
minute sub-basal dark spot. 

Abdomen. Sternite VIII with some long, very narrow pale scales ; coxites 
with pale scales internally, dark scales externally. 

Terminalia (fig. 6, F, G).  Parabasal spines 5, only 3 stout and bent 
distally, accessory and one other very slender and scarcely modified ; innermost 
spine (i) borne on a small but distinct prominence. Coxites without internal 
spine. Harpago about one-third height of coxite; club slender, but shorter 
than harpago ; apical bristle longer than club, a second of about equal length 
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arising near it, both harpagones similar in this respect. Phallosome nearly half 
length of coxite ; about 5 to 6 leaflets at each side, the longest serrated and 
moderately broad, but both foreshortened in the mount, so that exact measure- 
ments cannot be made. 

Pupa. Apical paddle hair short and almost straight. Bristles B and C 
branched on V—VIII. 

Larva. The larva will be described in a later publication, but a few 
peculiar features, several of which were first noted by Dr. Bagster Wilson, may 
be mentioned here. 

Head. Inner clypeal hairs well separated, each with about 4 to 7 slender 
branches, most of which are strongly divergent. Outer clypeals relatively very 
long. Antenna with shaft hair relatively long, about twice width of shaft at this 
level, and branched at or near the base into about 3 or 4. The hair and its 
branches are relatively much longer than in A. christyi, approaching that of 
A. bifurcatus in relative size. Papuilla at end of antenna unusually long, at least 
one-third length of the blades (sabres). 

Thorax. Pleural bristles. Prothoracic long bristles :—all simple, or 1 split 
into 2 or 3 long branches ; mesothoracic :—both simple or 1 split into 2 long 
branches ; metathoracic :—I1 simple, | split into 2 or 3. Mesothoracic hair 
no. 1 (Puri, 1931) relatively long and slender. . 

Abdomen. Lateral hair on III not definitely plumose, usually about 6 or 7 
lateral branches in all. ‘Typical palmate hairs as in most Myzomyia larvae, 
with well-defined shoulder and filament. ‘Tergal plates small ; accessory single. 

‘TANGANYIKA ‘TERRITORY : above Amani, 4,000 ft., June, 1934, 1 ¢, 2 99 
(including types), bred from larvae ; 1 2 (paratype) caught at Amani ; larvae, 
pupae and pelts all from Dr. D. Bagster Wilson, who also took one larva which 
gave rise to a g at Bumbuli, Western Usambaras, and who informs me that 
he has further material from Amani. 

Types in Liverpool School of Tropical Medicine. 

The species is named in honour of Dr. D. Bagster Wilson, who, together 
with Mrs. Wilson, is to be congratulated on the discovery of this remarkable 
species and its early stages. 

SysTEMATIC PosiTIoN. ‘The absence of definite pharyngeal teeth in the 9 
places this species definitely outside any of the groups of Myzomyia as defined 
by Christophers (1933). A. wilsont approaches subgenus Anopheles in the 
character of the 3 parabasal spines, the inner borne on a prominence (but this 
condition is also present in three African Neomyzomyias, see below), in having 
one of the basal group of 4 scarcely differentiated from an ordinary bristle, and 
in the degree of development of the antennal shaft hair. On the other hand, 
the species is a Myzomyia in wing markings, in possession of five parabasal 
spines, in not having more than 6 fully-developed dorsal papillae (but with 1, 
possibly 2, rudimentary papillae), and in the well-separated inner clypeal hairs. 
With regard to the antennal papilla, Puri (1931) gives evidence to show that ‘ the 
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increase In its size corresponds either to an unusual habitat of the larva, or to the 
species being more primitive than the others in the group to which it belongs.’ 
‘The unusually long papilla of the present form probably indicates a very 
generalized condition. 

I have been fortunate enough to obtain the opinion of Sir S. R. Christophers, 
who states that the parabasal spines and harpago seem ‘ quite definitely subgenus 
Myzomyia-like in character,’ and gives other reasons showing that he considers 
wilsoni to be a primitive type in this subgenus. He agrees that ‘ it must be con- 
sidered as not falling in any known group,’ and considers that the suggested 
name ‘ Eomyzomyia’ is an appropriate one for the new group. 

IDENTIFICATION. (Fig. 6, A—E). ‘The markings of the legs combined with 
those of the 2 palpi and wings make A. wilson readily distinguishable from any 
other African anopheline. 


Anopheles (Myzomyia) lovettae sp.nov. 

The type 9 only of this interesting species is known so far, but it is markedly 
different morphologically from all other members of the subgenus ; it is pro- 
visionally placed in group Neomyzomyza. 

A rather small anopheline. 
©. Palpi with 3 pale bands, apex dark. Mesonotum without true scales, 


+. 


except on anterior promontory. Legs unspeckled; tarsi unbanded. Wings 


» > oe f ira Fe 

















(es 


Fic. 7. Anopheles lovettae sp.nov. A.—Wing ; B.—Palp ; C.—Hind leg ; D.—Pharyngeal 
armature, dorsal aspect ; E.—Ventral tooth to larger scale ; F.—Post-armature ridge. 





























5A5 


with 3 main pale costal spots present, but small ; rest of veins mainly dark scaled 
with pale spots and areas as shown in the fig. Pharyny with two rows of 
differentiated teeth, but dorsal row without well-developed pediment crests. 

ApuLt. &. Head (fig. 7, B). A well-marked area of white scales ; frontal 
tuft somewhat reduced, the flattened white bristles about 6in number. Antenna 
with several blackish scales along inner side of first flagellar segment. Palpal 
index 52; combined length of last two segments less than length of third. 
Apex of palp dark ; a narrow pale ring at the apex of third and fourth segments 
and a rather broader one involving the base of the third and apex of the second. 
Scales smooth on upper surface except of second segment ; on the lower surface 
the scales are somewhat rubbed but apparently not very shaggy. 

Pharynx (fig. 7, D—F). A well-displaved and stained mount of the pharynx 
showed the following unique combination of characters. Pharyngeal bar 
almost straight. Armature consisting of 2 rows of teeth markedly differentiated 
in character, but dorsal teeth without well-developed pediment crest. Eight 
dorsal teeth, including rudimentary lateral ones; the well-developed teeth 
similar in general structure to those present in certain species of Neomysomyia— 
such as smithii—but very large and broad, with strongly serrated lateral edges ; 
upper surface clearly spiculated in at least one tooth, and distal border irregularly 
fimbriate, as shown in the fig. ‘Teeth with pale basal bulla and a large pair of 
lateral teeth. Below, and distal to the bases of the dorsal teeth, is a row of 4 
(probably 6 when complete) much smaller thorn-like teeth arising from triangular 
bases ; the base of at least one of these ventral teeth spiculate, as shown in fig. 7, 
I. A post-armature ridge bearing 2 spicular processes present below one of the 
central dorsal teeth. Ventral papillae very near middle line. Lateral flanges 
small; ventral flange well developed. Posterior hard palate very similar in 
shape to that of A. wilsoni, but without anterior membraneous portion ;_ pig- 
mented area also rather similar in shape, but apparently more strongly developed. 

Thorax. Mesonotum with median area dark bluish-grey, partly tinged 
with red, and with the usual dark brown stripes and scutellar spot ; lateral areas, 
including fossae, very dark brown. ‘The surface is largely denuded in the 
specimen, but what vestiture remains consists mainly of blackish bristles and 
short pale scale-like hairs ; anterior promontory with the usual scale groups, 
the pale scales extending backwards for a short distance medially. Anterior 
pronotum apparently without definite scale tuft ; on one side the lobe is denuded, 
except for one minute black scale projecting from the antero-dorsal surface 
which also bears the sockets of a number of bristles ; on the other side the lobe 
is distorted, but the anterior portion is scaleless, and is furnished with 6 long 
curved bristles. Propleuron with at least one bristle. Pleurae with ground 
colour dark brown, with a blackish stripe along upper edge shading into general 
brown colour ; only one pale longitudinal stripe visible. Pleurae with a very 
few scattered dark scales. Spiracular hairs 3. Upper mesepimeral hairs rather 
pale ; about 6 present in specimen. 
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Abdomen. Integument blackish. Cerci with dark scales. 

Legs (fig. 7, C). Very dark-scaled. Front femora swollen at base. All 
femora and tibiae unspeckled, front and mid femora without definite pale 
apices, tibiae with a few pale scales apically. Hind femora pale scaled at base ; 
apices with a few obscurely pale scales. Hind tibiae distinctly pale scaled 
apically. All tarsi without definite pale rings. Coxae and trochanters very 
pale, constrasting with dark pleurae and femora, the bristles mainly dark, hairs 
mainly pale ; fore trachanters with the usual patch of scales externally, those in 
front pale, those behind dark. 

Wings (fig. 7, A). Pale scales mostly with yellowish tinge. Costa with the 
three pale spots very small, basal quarter dark. First vein as costa, but accessory 
sector spot present, and basal portion pale. _ Rest of veins dark, with small pale 
spots near the cross veins and at the bifurcations, and longer pale areas towards 
the base of the third vein, at base of lower branch of fifth, and towards middle of 
sixth. Pale spot at fork of second vein reduced to about 3 scales on left wing. 
Fringe denuded at apex of wing but otherwise complete and without pale spots. 
Outstanding scales relatively broad, being very broadly oblanceolate. 

Wing length. 3-6 mm. 

3 and larva unknown. 

TANGANYIKA ‘TERRITORY: ‘Type 9, caught in native house, Amani, 1933, 
Dr. D. Bagster Wilson. 

Type in Liverpool School of ‘Tropical Medicine. 

‘The species is named in honour of Mrs. D. Bagster Wilson, M.D., who has 
assisted very materially in the survey work which Dr. Bagster Wilson is conduct- 
ing in northern ‘Tanganyika ‘Territory. 

SYSTEMATIC PosITION. ‘lhe present form is obviously a member of the 
subgenus Myzomyia and is regarded provisionally as an aberrant species of 
group Neomysomyia. ‘This course is approved by Sir S. R. Christophers, 
to whom I am greatly indebted for interpreting the structure of the pharyngeal 
teeth from camera lucida drawings and for kindly expressing his opinion as to 
the position of the species from the pharyngeal and other characters. Sir S.R. 
Christophers finds that the first row of teeth are ‘ devoid of a crest, this 
being represented by a mere tubercle at most,’ and that ‘ the bulla-like appear- 
ance of the base is very Neomyzomyza-like.’ He notes that the second row of 
teeth appears to be something which he does not know in any other form, so that 
the species is ‘ evidently a peculiar form, even of a Neomyzomyia.’ 

IDENTIFICATION. A. lovettae obviously has no affinities with other species 
in which the apex of the palp is dark, and can readily be distinguished from each 
of them by the wing markings. 

Il. THE SYSTEMATIC 
POSITION OF ANOPHELES RUFIPES GOUGH 

In 1931, De Meillon pointed out that the larva of A. rufipes belongs to 

Puri’s group II by the character of the pleural hairs ; he considered that, in 
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spite of the possession by the adult of a propleural hair, the species should be 
placed in the Neocellia group. I have examined the structure of the pharyngeal 
cones of A. rufipes var. ingrami received from Professor Gordon, Sierra Leone, 
and find them to be typical of group Neocellia as defined by Christophers 
(1933). ‘The double row of crest spines and bifid termination of the pediments 
of the cones are very conspicuous in stained preparations, and the structure is 
very similar to that of A. pretortensis. 

It is obvious, therefore, that A. rufipes (var. ingrami at least) is a Neocellia, 
atypical in possessing the propleural hair. 


IV. SOME MORPHOLOGICAL CHARACTERS OF CERTAIN 
SPECIES OF NEOMYZOMYIA 


Anopheles ardensis ‘Theobald 


Pharynx. Stained preparations were made from two ‘Transvaal ©? 


received from Dr. B. De Meillon and from one @ out of a collection of Uganda 


material from Mr. G. H. E. Hopkins and Mr. E. G. Gibbins. 














Fic. 8. Anopheles ardensis Theo. A.—Terminalia of Uganda 3; B. and C.—The two 
harpagones of ¢ from Cape Province (B. somewhat foreshortened) ; D.—Pharyngeal armature of 
Uganda 2 ; E.—Teeth to larger scale ; F.—Tooth of Transvaal 9. 
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‘The pharyngeal armature (fig. 8) was very similar in the three specimens. 
‘l'ypical teeth with broad filaments, fimbriated distally as in several other species 
of the group. 

3 Terminalia; ‘Vhe structure was examined in a ¢ from near Capetown, 
taken by Mr. H. K. Barnard and received from Dr. F. W. Edwards, and in 
another from the Uganda collection referred to above. ‘he 5 parabasal spines 
were similar in both specimens, and it was observed that the innermost was 
borne on a rather small but distinct prominence, a condition hitherto considered 
to be absent in Myzomyia (Christophers, 1933; Edwards, 1932). In both 
specimens the phallosome is without leaflets, but the harpago is markedly 
different in the two. In the Uganda ¢ this structure is bilobed distally (fig. 8, 
A); in the Capetown specimen, the two harpagos are asymmetrical (fig. 8, B, 
C), but there is at most only a slight indication of division distally. ‘The club is 
long and slender, with the apical bristle or bristles unusually stout. 





Anopheles machardyi [Edwards 
The material of this species studied was taken by Dr. D. Bagster Wilson at 


Amani, I angan vika. 
wid 4 
ao . 


0-02 mm, 











Fic. 9. Anopheles machardyi Edw. A.—Pharyngeal armature, ventral aspect ; 8B.—four 
teeth to larger scale, dorsal aspect (magnification as ardensis); C.—End of phallosome showing 
leaflets. b.p.—ventral projections. 





Pharynx (fig. 9, A, B). In the one 2 examined, the structure of the teeth 
was markedly different from that of A. ardensis, the filaments being much 
narrower and tapering to a fine point, and the basal teeth much smaller. Ata 
slightly lower focus than the bases of the main teeth are the small triangular 


projections, 6.p. 

3 Terminalia (fig. 9, C). In two specimens examined the structure closely 
resembles that of the specimen of A. ardensis from Uganda (fig. 8, A) but differs 
in that the phallosome bears 1 or 2 small leaflets at each side. 

It is evident from the morphological characters that, in spite of the similarity 
in the larval stage noted by MacHardy (Edwards, 1931), machardyi is specifically 


distinct from ardensis. 




















Anopheles natalensis Hill and Haydon 
‘The material studied was from Kenya (specimens received from Mr. C. B. 
Symes) and from the Transvaal (specimens from Dr. De Meillon) ; also one of 


‘Theobald’s type series of ‘aureosquamiger.’ 

Pharynx. Barraud and Covell (1928) have recorded that the structure is 
that of group Neomyzomyia. ‘The filaments of the teeth in most mounts were as 
shown in fig. 10, A—C, being almost intermediate in shape between those of 
ardensis and machardyi. In the mount of aureosquamiger most of the filaments 
appeared rather broad (approaching ardensis) in shape, but this was evidently due 
to foreshortening 








Fic. 10. A. natalensis 
H. and H. A.—Pharyngeal 
armature of Kenya 2; B.— 
Teeth to larger scale; C.— 
‘Tooth from Transvaal 9°. 
Magnifications as ardensts.) 


- 
hee 





0-2 mim. 

Fic. 11. A. natalensis H. and H: A.—Terminalia of Kenya ¢ ; 
B.—Apex of harpago of a Transvaal g. A. natalensis var. multicinctus 
Edw.: C.—Parabasal spines (more enlarged than in A). ¢.—coxite ; 
h.—harpago ; p.—phallosome. 





3 Terminaha (fig. 11, A—C). In addition to those given by Edwards 
(1930), the following characters were found to be constantly present : innermost 
parabasal spine stouter than the rest and borne on a small prominence ; apex of 
harpago with chitinized cap bearing club and hairs. 


A. natalensis var. multicinetus Edw. 


In describing A. multicinctus, Edwards (1930) stated that it was nearly 
allied to A. natalensis Hill and Haydon, and that the 3 hypopygium was identical 
with that of the latter. Ina Kenya specimen which I received from Mr. Symes, 
the peculiarities of A. natalensis, described above, are present. ‘The prominence 
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from which the innermost parabasal spine arises is very marked in the mount— 
a point which Professor Patton has kindly confirmed. The phallosome in this 
specimen is weakly chitinized. A small inner accessory hair is present on the 
harpago, as in natalensis. 

I have compared the pharyngeal armature of the two forms and can find 
no tangible differences ; a series of larvae from Mr. Hopkins, associated with 
others which gave rise to multicinctus adults, closely resembled those of natalensis. 
Furthermore, from specimens and information received from Dr. De Meillon, 
and trom the fact that a 9 referable to multicinctus, from Dr. Le Wulf, Kisantu, 
Belgian Congo, differed in two or three minor respects from typical specimens, 
it is clear that the tarsal markings tend to vary in natalensis. 

In view of the lack of morphological distinctions and the tendency to 
variability of the coloration characters, A. multicinctus is obviously only a well- 
marked colour variety of natalensis. From De Meillon’s figure of the hind 
tarsus of his recently discovered A. natalensis var. puselis, it is obvious that this 
form is very close indeed to multicinctus. My statement about the striking 
differences in marking of the second hind tarsal segment was based on the 
understanding that this segment was pale on the basal half in puselis. 
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INTRODUCTION 


‘The metallic Muscini are at present included in three genera, Cryptolucilia 
Brauer (Pseudopyrellia Girschner, Orthellia R.-D.), Dasyphora R.-D., and 
Pyrellia R.-D. Most of the species are common insects and are widely distri- 
buted, and all, as far as we know at present, breed in human and animal excre- 
ment. As their relationships are imperfectly understood, and as the true limits 
of the genera have not been defined, we have made a comparative study of the 
male terminalia of most of the species, with the object of clearing up these gaps 
in our knowledge. As will be seen later, this comparative study has once again 
demonstrated very forcibly the great value of these characters in settling not 
only the identity of a species, but its relationships to allied ones. 

Before describing the male terminalia of the species it is necessary to 
describe first those of a typical example of each group, so that we shall later be 
in a position to assign a species to its correct genus. As in other papers, we shall 
confine ourselves strictly to describing in as few words as possible those charac- 
ters of the terminalia which we know from prolonged comparative study of the 
parts in many allied genera will help the reader not only to identify the species 
with certainty, but to understand its status and relationships. Similarly, only 
those parts are illustrated which are of use in this direction. ‘The drawings are 
all done to scale from dissected and uncompressed (therefore undistorted) 
specimens. 


SHORT DESCRIPTION OF THE MALE TERMINALIA OF A TYPICAL 
SPECIES OF EACH OF THE GENERA CRYPTOLUCILIA, 
DASYPHORA AND PYRELLIA 


Cryptolucilia caesarion Meigen. SALIENT DIAGNOsTIC CHARACTERS OF 
MALE ‘TERMINALIA. ScLeritTFs. As the segmentation of the male abdomen is, 
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except for unimportant details, similar to that of Musca, it is unnecessary to 
describe it in the case of any of the species of the genera. Sternum 5. Fig. 1, d. 
Short and broad, without any suggestion of a division ; postero-lateral processes 
long, narrow and not toothed ; membrane attaching sternum 5 to sternum 6 
not chitinized. Ninth Tergo-Sternum. Fig. 1, f. ‘Ventral surface at sides near 
attachment of phallosome raised into projecting points ; latero-ventral processes 
long and broadly rounded. 





Fic. 1. a.—Phallosome and one paramere of caesarion in side view ; 6.—-Right paramere of 
same ; c.—Right posterior paramere of same ; d.—Fifth sternum of same ; e.—Posterior (ventral) 
view of end of phallosome of same showing the flaps ; f.—Ninth tergo-sternum of same ; g.—Right 
anterior paramere of same showing one long bristle ; /.—Ninth coxite of same ; note the small 
distal segment (British specimens). 
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APPENDAGES. Ninth Coxite. Proximal segment. Ventral view. Fig. 1, A. 
Short, free inner end broad and similar to that of Musca ; armed with the usual 
sensory spines and hairs. Distal Segment. Fig. 1, h. A short, narrow, hairy 
plate lying, as in Musca, close to the outer edge of the anal cercus and lightly 
fused with inner side of tenth tergum. Anal Cerci. Ventral view. Fig. 2. 
Narrow and long, deep emargination between outer and inner free ends, the 
latter elongated and projecting forwards with straight edges; the two cerci 
rather firmly attached by membrane, and a narrow median chitinous bar on 
dorsal concave surface ; dorsal concave surface not strengthened by a spined 
plate. 

Phallosome. Lateral view. Fig. 1, a. Distal end rather short, expanded 
bell-like, and armed with broad, deeply pigmented, pointed spines on inner 
surface, and many smaller ones on sides near base ; seen from behind (fig. 1, e), 
the wide end shows the two broad diverging flaps armed with numerous short 
spines. ‘The distal end is attached to the proximal by a narrow bar of chitin 
ventrally and by a wide membrane dorsally ; the apodeme is continuous with 





Fic. 2. Ventral view of anal cerci of caesarion (British specimen). 


the former, as in Musca, and is not jointed, as in the Calliphorinae. Posterior 
Process of Phallosome. Fig. 1, a. Long, bent and tapering to a blunt point. 
Sperm Pump Sclerite. Fig. 1, a. Small. Apodeme of Phallosome. Fig. 1, a. 
Long and wide. Parameres. \ateral view. Anterior Part. Fig. 1, a, 6, g. 
Short and wide, with a pointed process or projection on outer side of rounded 
end (varies according to view), and with a long broad posterior plate reaching 
to the posterior part, to which it is loosely attached by membrane. Posterior 
Part. Fig. 1, a, c. A stout, slightly bent rod or plate, the bluntly pointed end 
with a few microscopic hairs (these are sometimes wanting). 

Dasyphora versicolor Meigen. SaLieNT DraGNosTIc CHARACTERS OF MALE 
TERMINALIA. SCLERITES. Sternum 5. Fig. 3, d. Rather short and broad, 
with stout postero-lateral processes and with a suggestion of a horizontal division 
into two parts ; membrane attaching sternum 5 to sternum 6 chitinized. Ninth 
Tergo-Sternum. Fig. 3, 6. Body short, with practically no handle ; posterior 
processes long, bent and wide. 
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Fic. 3. a.—Phallosome and one paramere of versicolor in side view ; b.—Ninth tergo-sternum 
of same ; c.—Ninth coxite of same ; note the longer distal segment ; d.—Fifth sternum of same 
showing the partial division ; e.—Smaller plate and nipple-like inner process from dorsal surface 
(concave) of same ; f.—Dorsal (concave) surface of anal cercus of same to show plates and teeth 
at outer end of free margin (German specimens). 








APPENDAGES. Ninth Coxite. Proximal Segment. Lateral view. Fig. 3, c. 
Long ; end broadly rounded, with a dorsal straight projection, narrow in the 
middle and widened out at base. Distal Segment. Fig. 3, c. A rather longer 
and broader hairy plate located and attached as in C. caesarion. Anal Cerct. 
Ventral view. Fig. 4. Very large inner free end with long, broad nipples ; 
outer free end rounded: dorsal (concave) surface strengthened by a strong 
chitinous plate produced by infolding of the outer margin (fig. 3, e, f) ; infolding 
at the outer ends raised into strong teeth (usually 3); both cerci more firmly 
attached by membrane, the median part of which 1s chitinized to form a rod. 
Phallosome Lateral view. Fig. 3, a. Long, the distal part expanded bell-like 
and armed with numerous spines, no flaps ; distal part attached to proximal by 





Fic. 4. Ventral view of anal cerci of versicolor (German specimen). 


ventral chitinous continuation, anteriorly by a strong, wide, spined membrane ; 
proximal part of body long and wide. Posterior Process of Phallosome. Fig. 3, a. 
Short and straight. Sperm Pump Sclerite. Fig. 3, a. A long irregular plate. 
Apodeme of Phallosome. Fig. 3, a. Long and continuous with body of phallo- 
some (not jointed). Parameres. Lateral view. Anterior Part. Fig. 3, a. A 
very long upstanding rod, the distal end membraneous, a short bristle midway 
on ventral side, and two long bristles (sometimes 5) near base. Posterior Part. 
Fig. 3, a. A stout bent rounded plate with strong spines (some on pedicels) on 
outer surface and anterior border; also armed with numerous long hairs at 
the end and along the inner surface and anterior border. 
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Pyrellia cyanella Meigen (eriophthalna Macq). SALIENT DIAGNOSTIC 
CHARACTERS OF MALE TERMINALIA. SCLERITES. Sternum 5. Fig. 5, c. Long 
and broad, with long broad postero-lateral processes and the suggestion of a 
division, as in D. versicolor ; the membrane joining sternum 5 to sternum 6 





Fic. 5. a.—Phallosome and one paramere of cyanella in side view ; 6.—Ninth tergo-sternum 
of same ; c.—Fifth sternum of same showing chitinization of membrane joining it to sixth sternum 
and suggestion of horizontal division ; d.—Dorsal (concave) surface of anal cercus of same showing 
plates, teeth, etc. ; e—Ninth coxite of same ; note very small distal segment (British specimens). 





strongly and often widely chitinized. Ninth Tergo-Sternum. Fig. 5,6. Small, 
but structurally similar to that of D. versicolor. 
AppENDAGES. Ninth Coxite. Proximal Segment. Fig. 5, e. Shorter than 
that of D. versicolor but structurally similar. Distal Segment. Fig. 5, e. A short 
hairy plate. Anal Cerct. Ventral view. Fig. 6. Long, the outer free ends 
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prolonged forwards, and separated from the inner ends by a deep emargination ; 
the inner ends produced into stout nipples ; the inner side ending in a pointed 
process. ‘lhe dorsal (convex) surface, of each cercus (fig. 5, d) is strengthened 
by plates, the inner long and serrated on the outer side, the outer, an infolding 
of the margin, armed with characteristic raised black teeth and appressed scale- 
like structures. ‘The structure and armature of the inner plate affords important 
diagnostic characters in the case of the closely allied species of Pyrellia, as will 
be noted later. ‘The two cerci are practically fused for a short distance in the 
middle (anteriorly) ; the remaining part of each inner surface is joined to its 





Fic. 6. Ventral view of anal cerci of cvanella showing the characteristic structure of those of 
a Pyrellia, 


fellow by a strong bar in the membrane (fig. 6). Phallosome. Lateral view. 
Fig. 5, a. Much longer than that of either C. caesarion or D. versicolor, the 
distal end funnel-shaped, the stalk long ; the ventral chitinous portion is bitur- 
cated into two flaps armed with numerous short spines ; the proximal part of 
the body is rather short, is joined to the distal by chitin and membrane, and is 
continuous with the apodeme. Posterior Process of Phallosome. Fig. 5, a. A 
long, narrow, slightly curved rod. Sperm Pump Sclerite. Fig. 5, a. A long 
simple plate. Apodeme of Phallosome. Fig. 5, a. Long and stout. Parameres. 
Lateral view. Anterior Part. Fig. 5, a. A long, stout rod bent in the middle, 
with a single short spine, as in caesarion and versicolor, and three long (one very 
long) bristles near the base. Posterior Part. Fig. 5, a. A rather short stout 
rounded plate, with several small sensory spines on the outer surface and upper 
edge, and with numerous long hairs at the end and on the inner surface. 

It will be noted from these short descriptions, and especially from the 
illustrations (all drawn to scale), that the metallic Muscini fall into three natural 
groups which correspond to the three genera, Cryptolucilia, Dasyphora and 
Pyrellia. ‘There can be no doubt that Cryptolucilia (and we have studied 
critically the terminalia of many of the species) is the primitive genus of the group 
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—that is, it is nearer the ancestor—and is, as far as we know at present, the nearest 
relative (though there is a big gap between the two) of Musca. ‘This conclusion 
receives ample support from the study of the male terminalia of many of the 
species and of the larvae. ‘This is specially seen in the structure of sternum 5, 
which does not show any suggestion of a horizontal division ; in the structure 
of the proximal segment of the ninth coxite, which is very like that of Musca ; 
in the structure of the anal cerci, which are also of a simple type, the two being 
fused only by membrane and a chitinous bar, as in Musca ; and in the phallosome 
and parameres, which are simple in structure—more particularly the parameres. 
It is necessary, however, to point out that the genus also contains species which 
exhibit more advanced characters suggesting intermediate forms between 
Cryptolucilia and Dasyphora. ‘The genus Pyrellia, on the other hand, contains 
a few species which exhibit advanced structural characters, as are clearly shown 
by the structure of the fifth sternum (its partial division horizontally into two 
parts) ; the proximal segment of the ninth coxite ; the characteristic anal cerci 
with their strong spined dorsal plates, and the much more advanced phallosome 
and parameres. It is interesting to note that the common species cyanella Meig. 
(ertophthalma Macq.) is clearly not a Dasyphora but a true Pyrellia. ‘The genus 
Dasyphora, which as far as we know at present contains only three European 
species, is intermediate in position between Cryptolucilia and Pyrellia. It 1s 
hardly necessary for us to point out the characters which support this conclusion, 
as they are clearly emphasized in the illustrations. 

In continuation of this paper we shall describe the terminalia of the remaining 
species of these genera and the salient characters of as many of the larvae as are 
known to us. We should like to take this opportunity to make an appeal for 
specimens of the genus Cryptolucilia ; unfortunately we have not yet succeeded 
in obtaining specimens of several of the species. We shall be glad to correspond 
with anyone who would like to help in this way. 


(To be continued) 
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As pointed out in the previous part of this paper, in order to understand 
the systematic position of the genus Glossina it is necessary first to describe the 
terminalia of typical examples of as many of the Muscid genera as possible, 
and the first to be described are those of Sarcophaga. ‘The terminalia of females 
described and illustrated are those of specimens taken 7m cop., with accurately 
determined males. I should like to take this opportunity of thanking Mr. 
Colbran J. Wainwright and Mr. H. Britten for pairs of carnaria and vicina 
taken 7 cop. 


SHORT DESCRIPTION OF THE SEGMENTATION OF THE MALE 
ABDOMEN AND OF THE MALE AND FEMALE TERMINALIA P 
OF SARCOPHAGA, AS EXEMPLIFIED BY THOSE OF 
CARNARIA L. AND VICINA VILLENEUVE 


Sarcophaga carnaria L. SEGMENTATION OF MALE ABDOMEN. SCLERITES. 
Fig. 1. ‘There are ten segments, the eighth wanting. ‘Tergum | is a narrow, 
short, quadrilateral plate fused with tergum 2; spiracle 1 is located close on 
its antero-ventral edge. ‘Terga 2, 3, 4 and 5 are long and broad, their latero- 
ventral edges almost reaching to the sides of their respective sterna, which are 
of normal structure (fig. 1). Sternum 5 (figs. 2; 3, c) is V-shaped, the base 
wider than that of the other sterna, and the two arms of the V long, broad, and 
covered with numerous short and long hairs. ‘The postero-dorsal edges of 
terga 4 and 5 are armed with strong bristles. ‘Tergum 6 (fig. 2) is much reduced 
and consists of two rather narrow plates on each side of the mid-dorsal line, 
each bearing a row of long hairs. As a result of this marked reduction the 
intersegmental membrane between segments 5 and 6 1s very extensive, allowing 
of free movement of the sixth and following segments on the rest of the abdomen 
(fig. 1). Sternum 6 (figs. 1; 2) is asymmetrical and developed only on the left 
side ; it consists of a short curved plate, convex externally and concave internally ; 
anteriorly it is bent to the right and is firmly fused in the middle line to the dorsal 
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surface of sternum 5, just anterior to its fork. Spiracle 6 (figs. 1; 2) is located 
in the membrane just external and anterior to the outer end of each part of ter- 
gum 6. ‘Tergum 7 (figs. 1; 2) is a long wide rounded plate, and spiracle 7 is 
located on its postero-lateral surface. Segment 8 is wanting, but located in the 





Fic. 1. Ventral view of abdomen of 3 carnaria showing segmentation and terminalia. Sz. 7., 


st. v., st. vt.—First, fifth, sixth sterna; Spr. 7, spr. vi., spr. vii, spr. viit.—First, sixth, seventh, 
eighth spiracle ; 7g. 7, tg.v, tg. vii.—First, fifth, seventh terga ; 1.—Tenth tergum ; 2.—Anal] 
cerci ; 3a.—Distal segment of ninth coxite ; @.o.—Anal opening (British specimen). 


membrane at or near the posterior edge of the distal segment of the ninth coxite 
is the now sclerosed eighth spiracle ; its position appears to vary according as 
to whether the membrane is puckered or not ; the spiracle is shown enlarged 
in fig. 2, b. 
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SALIENT DraGNOsTiIC CHARACTERS OF MALE ‘TERMINALIA.  SCLERITES. 
Ninth Tergo-Sternum. Fig. 3, g. ‘Che ninth tergo-sternum is a massive plate 
in Sarcophaga ; the postero-lateral processes are long, broad, heavily chitinized 
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Fic. 2. a—Terminalia of ¢g carnarta in side view. Si. v, st. vi.—Fifth, sixth sterna ; 
Spr. vi, spr. vii, spr. viii—Sixth, seventh, eighth spiracle ; tg. vi, tg. vii—Sixth, seventh 
terga ; 1.—T'enth tergum ; 2.—Anal cercus ; 3a.—Distal segment of ninth coxite ; a.p.—Anterior 
paramere ; p.—Phallosome ; p.p.—Posterior paramere (British specimen). 6.—Eighth spiracle 
enlarged ; note muscle fibres attached to it. 


and bent towards each other, almost meeting 1n the middle line. ‘The structure 
of their postero-lateral processes suggests (as in Glossina) that the proximal 
segment of the ninth coxite has fused with them, for this part of the appendage 
has disappeared in this genus. ‘Tergum 10 (figs. 1; 2) is short but wide, and 
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has a deep incision, the posterior ends of the anal cerci projecting well: into it, 
thus shortening the part of the membrane bearing the anal opening. Antero- 
dorsally it has the usual broad, bluntly pointed process which articulates in a 
socket on each side of the ninth tergo-sternum. 

APPENDAGES. Ninth Coxite. Distal Segment. Figs. 1; 2; 3. All that is 
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Fic. 3. a.—Phallosome and one paramere of carnaria in side view ; 6.—Dorsal view of end 
of phallosome of same split apart ; c.—Fifth sternum of same ; d.—Ventral view of anal cerci and 
distal segment of ninth coxites of same ; e.—Lateral view of anal cercus and distal segment of ninth 
coxite of same ; f.—Right paramere of same showing two parts ; g.—Ninth tergo-sternum of 
same ; note its massive structure and the stout processes (British specimen). 


left of the ninth coxite in this genus is the much reduced distal segment which 
consists (in these two species) of a somewhat triangular plate lying close to the 
middle of the outer edge of the anal cercus ; its anterior and posterior ends are 
bluntly pointed, the dorsal edge is rounded and the ventral is almost straight ; 
it is shown in lateral view in figs 2; 3. It is quite obvious that it takes no part 
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in the process of clasping the end of the female abdomen. As noted above, 
the proximal segment has most probably fused with each postero-lateral process 
of the ninth tergo-sternum. As a result the phallosome now lies closer up 
above the anal cerci ; this is well shown in fig. 2. Anal Cercus. Ventral view. 
Figs. 1; 3, d. Each anal cercus is a long plate, rounded externally, about the 
distal quarter is free, ending in an upwardly bent blunt point ; the remaining 
portion is united to its fellow by membrane, about the posterior half bearing 
a dense mass of long curly hairs (fig. 2) ; the lateral view as in figs. 2; 3, e. 

Phallosome. Wateral view. Fig. 3, a. ‘The phallosome is long, the proximal 
part of the body specially so, and the struts are fused and short. It is jointed 
to the basal part by membrane, and the dorsal portion bears a pair of mem- 
braneous flap-like structures, the proximal one larger and well separated from 
the distal one. ‘The distal part (fig. 3, 6) is complicated and consists of several 
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Fic. 4. Ventral view of terminalia of 2 carnaria. St. vt, st. vit, st. 1x (?), st. x. —Sixth, seventh, 
ninth(?), tenth sterna; Spr. v1, spr. vii.—Sixth, seventh spiracle ; Spr. viii—Position of eighth 
spiracle ; Tyg. vi, tg. vit.—Sixth, seventh terga ; a.c.—Anal cercus ; a.0.—Anal opening; g.o.— 
Genital opening (British specimen). 
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accessory gadgets ; there is a pair of short chitinous plates, dorsal to which there 
is on each side a long, slender upturned rod ;_ the ejaculatory duct opens on the 
membrane between the ventral plates. Fig. 3, 6, adequately explains the 
structure of the distal part of the phallosome with the two parts separated and 
flattened out. Posterior Process of Phallosome. Fig. 3, a. ‘The posterior process 





Fic. 5. a.—Sixth tergum of 2 carnaria ; b.—Sixth sternum of same ; c.—Seventh tergum of 
same ; note sclerosed rod-like spiracle in membrane ; d.—seventh tergum of same; e.—Anal 
cerci and anal opening of same ; f.—Tenth sternum of same ; g.—Ninth sternum of same ; fh, 1, 2, 
3.—Three spermathecae of same ; 4, 5, 6.—Three spermathecae of vicina (British specimens). 





of the phallosome (a part of its ventral wall) is short and blunt. Sperm Pump 
Sclerite. Fig. 3, a. ‘The sperm pump sclerite is a large long plate, with a long 
handle expanded at the end. Apodeme of Phallosome. Fig. 3, a. Long and stout. 
Parameres. Lateral view. Anterior part. Fig. 3, a, f. A long, somewhat bent, 
rod-like plate, the distal end expanded externally, slightly grooved and without 
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any hairs or bristles. Posterior part. Fig. 3, a, f. A shorter, rod-like plate, 
with two hairs near the distal end. 

SALIENT DIAGNOSTIC CHARACTERS OF FEMALE 'TERMINALIA. LARVIPOSITOR. 
SEGMENTS 6, 7,9, 10. Fig.4. ‘The ventral view of the end of the female abdomen 
showing the terminalia is illustrated in fig. 4, and the various sclerites in fig. 5. 
ScLeritEs. ‘Tergum 6 (figs. 4; 5) is wide, consisting of two separate plates 





Fic. 6. a—Phallosome and one paramere of vicina in side view ; 6.—Fifth sternum of same ; 
c.—ventral view of anal cerci and distal segment of ninth coxites of same ; d.—Lateral view of 
anal cercus and distal segment of ninth coxite of same in side view ; e.—Right paramere of same 
in side view ; f.—Dorsal view of end of phallosome of same split apart ; g.—Ninth tergo-sternum 


> 
of same ; note sclerosed eighth spiracles (British specimen). 


united posteriorly by membrane ; as shown in figs. 4; 5, it bears spiracles 
6 and 7. Sternum 6 (figs. 4 ; 5) is quadrilateral in shape (foreshortened in fig. 4), 
and is armed in this species and in vicina with a semicircular row of strong 
bristles along the posterior edge (not shown in figs.). ‘Tergum 7 (figs. 4; 5) 
is a narrow semicircular plate lying in the membrane between the two parts of 
tergum 6 and postero-dorsal to the anal cerci ;_ it bears a row of hairs, and though 
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it varies in length and width is always present. ‘lhe sclerosed eighth spiracle 
is located in the membrane on each side anteriorly. In the female the spiracle 
consists of a chitinous rod and has muscular fibres attached to it. Sternum 7 
(figs. 4; 5) is a smaller, somewhat quadrilateral plate, the posterior border 
slightly emarginated in the middle and closely applied to sternum 6 ; it also has 
a row of hairs along its posterior border. ‘Tergum 9 is wanting. What for the 
present is taken for sternum 9 (figs. 4; 5) is a short, but wide, lightly chitinized 








Fic. 7. a.—Sixth tergum of @Q vicina showing absence of seventh spiracle on right side ; 
b.—Sixth sternum of same ; c.—Seventh sternum of same ; d.—Membraneous area between two 
parts of sixth tergum showing absence of seventh tergum, a functional spiracle on right and the 
two sclerosed eighth spiracles, the right much reduced ; e.—Ninth sternum (?) of same ; f.—Anal 
cerci and anal opening of same ; g.—Tenth sternum of same (British specimen). 


plate, closely attached to the posterior border of sternum 7, and in addition to 
a row of small hairs always has in this species, and in vicina, two long, diverging, 
posteriorly directed hairs ; it is possible, however, that this plate may be only a 
part of tergum 7. Tergum 10 is wanting. Sternum 10 (figs. 4; 5) 1s a small, 
somewhat rounded, lightly chitinized hairy plate, lying almost vertically and 
forming the posterior wall of the genital opening, the position of which is shown 


in fig. 4. 
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APPENDAGES. Anal Cerci. Figs. 4; 5. A pair of small, elongated, rounded 
plates, lying on each side of the anal opening, the position of which is also 
noted in fig. 4. 

Uterus. Without any chitinous plate (signum). Spermathecae. Fig. 
5, h, 1, 2, 3. Long and flask-shaped, the neck long and crenulated, appearing 


to consist of separate rings forming a channel ; ducts narrow at first and widening 
before entering uterus. 


Sarecophaga vicina Villeneuve. DIAGNosTic CHARACTERS OF MALE ‘TER- 
MINALIA. Fig. 6. S. vicina is very closely allied to carnarta, and can only be 
separated from it with certainty on the characters of the male and female ter- 
minalia ; these parts too are very similar in the two species. Anal Cercr. Fig. 
6, c, d. The anal cerci of vicina are shorter than those of carnaria, the pointed 
anterior ends specially so (cf. fig. 6, c, d, and fig. 3, d, e). Phallosome. Yig. 6, a, f. 
There is only one long flap on the dorsal surface of the middle portion, whereas 
in carnaria there are two (cf. fig. 6, a, f. and fig. 3, a, 6). Paramere. Anterior 
Pat. Fig. 6, @, e. The anterior part of the paramere of vicina is much shorter 
than that of carnaria, and is not expanded at the end externally (cf. fig. 6, a, e, 
and fig. 3, a, f). The posterior part is similar to that of carnaria. 

DIAGNostic CHARACTERS OF FEMALE 'TERMINALIA. Fig. 7. Sternum 6 ts 
distinctly shorter than that of carnaria (cf. fig. 7, 6, and fig. 5, 6). ‘Tergum 7 is 
wanting in the female zzciva, and at most there are pigmented areas in the mem- 
brane where the plate is usually located ; this appearance is shown in fig. 7, d. 
Sternum 7 is longer than that of carnaria (cf. fig. 7, c,and fig. 5, d). Sternum 9(?), 
tergum 10 and the anal cerci are very similar in the two species. ‘The uterus in 
vicina also has no chitinous plate. The spermathecae are on the whole distinctly 
shorter than those of carnaria (cf. fig. 6, h, 1, 2, 3, and 4 5 6). The important 
character for distinguishing the female vicina from the female carnaria is the 
constant absence of tergum 7 in the former and its presence in the latter. ‘This 
can easily be noted in both fresh and dried specimens (which should be relaxed 
somewhat) by noting that in the former there is no well-defined semicircular 
plate bearing a row of hairs in the membraneous area between the anal cercti 
and the posterior border of tergum 6, but only some irregularly placed areas of 
pigment in the membrane. By using this character I have been able to separate 
the two females in mixed collections. 

In one specimen of female vicina an interesting condition was found. 
Spiracle 7 had disappeared from the right side on tergum 6, and in the mem- 
braneous area anterior to it, in addition to the small rod-like sclerosed eighth 
spiracle, there was a well-developed, obviously functional one ; this is shown 
in fig. 7, a, d. 

In the next part of this paper I shall describe and illustrate the male and 
female terminalia of Hypoderma, as exemplified by those of bovis. 
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SUMMARY 


1. In the genus Sarcophaga, as exemplified by carnaria and vicina, the 
proximal segment of the ninth coxite is wanting, and it is suggested that it has 
become fused with the postero-lateral processes of the ninth tergo-sternum. 
The distal segment is a small triangular plate, so placed that it cannot possibly 
take any part in clasping the end of the female abdomen. It is quite possible 
that later a species may be found in which the proximal segment has not com- 
pletely disappeared. ‘he phallosome, as a result of these changes, is now close 
up above the anal cerci. Compare this position of the phallosome with that of 
any of the Calliphorinae in which the proximal segments of the ninth coxite are 
long rods and the phallosome lies a long way anterior to the anal cerci. 

2. The female terminalia, even in two such closely related species as 
carnaria and vicina, provide diagnostic characters of practical use 1n separating 
and correctly identifying the female. Up to the present the identification of 
female specimens of Sarcophaga taken apart from the male has been impossible. 
When more females are either bred along with the male (most of which can be 
readily determined) or taken im cop., it will be possible to study the female ter- 
minalia and to note the distinguishing characters, which undoubtedly exist. 

3. The presence of a sclerosed eighth spiracle in both sexes of Sarcophaga 
is of fundamental importance, as it clearly points to these flies being the oldest 
living members of the higher Diptera. So far, this spiracle has not been found 


in any other Muscid. 


(To be continued) 








DSY 


MISCELLANEA 


RESISTANCE OF WHITE RATS TO INFECTION 
WITH TRYPANOSOMA RHODESIENSE THROUGH 
KATING INFECTED TISSUES OF RATS 


Many experiments have been made to see if animals can be infected directly 
through the mucous membrane of the mouth—as by feeding on infected animals 
that have died or been killed. Some of these have recently been summarized 
by Duke, Mettam and Wallace (1934), who succeeded in infecting kittens by 
giving them the carcases of rats infected with 7. bruce7. As has often been 
pointed out, the question of sores or wounds of the mucous membrane has to 
be considered 1n cases where infection has occurred : but, however the infection 
may take place, it is important in experimental work in laboratories to know 
Whether such accidental infections may occur—especially in rats, which are so 
much used and which eat the bodies of other rats that have died. In the course 
of my experiments during the last eight years, over a thousand white rats have 
been infected with 7. rhedesiense or 7. bruce? ; there is usually a stock of abeut 
a thousand rats on the premises, kept in boxes containing from 10 to 50 or more, 
according to size. Infected animals are not isolated. No case of accidental 
infection has occurred. 

Experiment. On August 22nd, 1934, 5 rats were inoculated subcutaneously with 
T. rhodestense ; all showed blood infection within 6 days, and on September 4th trypano- 
somes were very numerous in the blood. On September 4th, 5th and 6th, these rats were 
killed in turn by a blow on the head and were at once dissected, parts of the body, viz., 
liver, spleen, kidneys, heart, lungs and hind legs, being given to healthy rats to eat. “he 
method used was to put 3 or 4 healthy rats into a box and to give them a piece of the infected 
tissue ; when one rat seized it, the other rats were removed and the rat was allowed to 
eat it undisturbed. ‘This was done under close personal supervision until 52 rats had 
devoured fresh infected tissues and 10 rats had refused. All the rats were marked, and 
their blood was examined for trypanosomes on September 10th, 12th, 17th, 22nd and 
October 6th. None became infected. It is therefore unlikely that experiments with 
T. rhodesiense and white rats will be affected by accidental infection of the rats through 
eating the carcases of other rats. 


12 November, 1934. J. Fe. Corson. 
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THE MARY KINGSLEY MEDAL 


This medal was struck in commemoration of the work of the late 
Miss Mary Kingsley in West Africa, and is conferred in recognition of 


distinguished scientific achievement. 
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PRESENTATION OF MARY KINGSLEY MEDALS 


On November 6th, 1984, Mary IXingsley Medals were presented to two 
honorary recipients and to four scientists who have rendered distinguished 
service in the field of tropical medicine. Lord Leverhulme entertained the 
recipients and a number of former medallists at dinner at the University Club, 
and afterwards held a reception at the School of ‘Tropical Medicine, which was 
attended by a large and representative gathering. Lord Leverhulme in his 
introductory remarks said :— 

‘T welcome, as Chairman of the School, all the guests present, more 
especially the distinguished recipients of the Mary Kingsley Medal. 

‘'The School is honoured by having as its President the Duke of York, 
and I would like to read you a letter which I have received from His Royal 
Highness :— 

‘** Dear Lord Leverhulme, 

‘On the occasion of the Reception by the Liverpool School of 
Tropical Medicine, I hope that you will kindly convey to the recipients 
of the Mary Kingsley Medals my sincere congratulations on their awards. 

‘* Will you kindly express to all present my best wishes for the future 
success and prosperity of the Liverpool School of ‘Tropical Medicine. 

‘** Yours sincerely, 
(signed) ‘ “ Albert.”’ 

‘]T have been Chairman of the School for only a few months and therefore 
realize that I cannot address vou with the same authority as mv predecessors. 
But I would like to thank the School for inviting me to be its Chairman. — | 
value the honour all the more because of my father’s association with the School 
in its early days. He was appointed Chairman in January, 1910, and filled 
the office for three years. His predecessor was Sir Alfred Jones, founder of 
the School, whose name will always stand out prominently in the history of our 
tropical colonies, particularly West Africa. I have a vivid recollection of my 
father’s friendship with the late Sir Rubert Boyce and the late Sir Ronald Ross. 

‘We are now apt, perhaps, to take reasonably good health in the tropics 
for granted. No one to-day would talk of West Africa as “ the white man’s 
grave,” as a place unfit for white women to live in, or as a spot where only the 
toughest of mankind can hope to survive. It was not far from the truth many 
vears ago. It is largely due to Ross’s great discovery in 1897 of the life-history 
of malarial parasites in mosquitoes that malaria is now no longer the dreaded 
enemy of those going to the Coast. 

‘ At the time when my father was Chairman of the School, a distinguished 
New York physician, who had made a study of medical research in many 
countries, when describing the advantage a medical student could get from 
studying abroad, wrote the words ‘“ Liverpool leads in tropical medicine.”’ 
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It was due to the imagination and foresight of the leading business citizens 
of Merseyside in those days that this School was successfully launched. ‘The 
munificence of Liverpool citizens made it possible, and it will be seen that the 
School amply repaid the debt by adding lustre to the name of the city in the eyes 
of the world. We all want Liverpool to continue to lead in tropical medicine, 
not necessarily in the size of its buildings, but in the importance of the dis- 
coveries Which it makes. ‘Uhis can only be done if the School continues to 
receive the support of Liverpool citizens, especially of those whose interests 
are directly or indirectly concerned with tropical countries. 

‘ From its foundation in 1898 until 1914, the School despatched 32 expedi- 
tions to West Africa and other tropical areas. Its work abroad is now largely 
centred in its laboratory at Sierra Leone, where it continues not only to deal 
with the day-to-day problems of tropical disease, but by patient research 
to extend still further mankind’s knowledge of those diseases and victory over 
them. 

‘We are delighted that we are being honoured to-night by the presence of 
our distinguished guests who are here to receive the highest possible compliment 
that the School can bestow, namely, the Mary Kingsley Medal. ‘The medal 
was founded in 1904 to commemorate the services of Mary Kingsley, niece of 
Charles Kingsley, the novelist, to the welfare of the West African native. Mary 
Kingsley was well known in Liverpool. She was an intrepid traveller, especially 
in Africa. She died in the Boer War and was buried at sea from a battleship 
in South African waters. ‘The qualifications tor the medal are service in the cause 
of fighting disease in the tropics and, still morc, its prevention. ‘The highest 
achievement for any man or woman is the saving of the lives of others. “Uhis 
achievement takes many forms : 1t may be a physical act of bravery which rescues 
a person from drowning or burning, the skill of a surgeon when he performs 
an operation, or the discovery of some disease and the finding of a cure for it. 
It is this last-mentioned field of human achievement that we honour to-night. 

‘'Those who make tropical diseases their special study run in many ways 
a risk which is not found in most other fields of research, because—especially 
when working abroad—they may themselves succumb to the very disease which 
they are out to investigate. "UVhis indeed has happened in many cases in the annals 
of our own School. 

‘T will now ask Professor Warrington Yorke to tell you something of the 
individual achievements of the recipients of the Mary Kingsley Medal to-night.’ 


Professor Warrington Yorke then presented the six recipients in the 


following terms :— 

1. ‘In presenting Mrs. Mipp_temMass Hunr as an honorary recipient of 
the Mary Kingsley Medal, we are desirous of recognizing the great services 
which her husband, the late Dr. John Middlemass Hunt, rendered to this School 
of ‘Tropical Medicine. He was Honorary Dean of the School from 1921 until 
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1932. During his long tenure of office Dr. Hlunt showed the greatest vigilance 
in the development of the School’s activities and never spared himself in his 
endeavours to further its interests. His kindly personality endeared him not 
only to his colleagues on the Committee and Statf of the School, but also to all 
the students who came to him for advice and counsel. 

‘Reference has already been made in the public press to the munificent 
provision which Dr. Hunt made for the endowment of the Chair of ‘Vropical 
Diseases of Africa. ‘This Chair, which is occupied by the Director of the 
School’s Research Laboratory in Sierra Leone, has been in existence since 192] 
and has hitherto been supported cut of general funds. Dr. Hunt was famuiltar 
with the origin and work of this outpost of the School ; he was impressed with the 
advantage of having a research laboratory situated in West) Africa, where 
members of the Staff could gain experience by working in the actual climatic 
conditions of an unhealthy part ot the tropics. He realized that the lack of 
adequate endowment was likely to endanger the existence of this laboratory, 
and by his far-sighted generosity has taken the first great step towards its proper 
endowment. ‘The Middlemass Hunt Professorship will not only constitute 
a permanent and conspicuous landmark in the development of the School, 
but will also keep ever present the memory of one who served it faithfully. 


2. ‘In presenting Miss A. R. Caton as an honorary recipient of the Mary 
Kingsley Medal, we are desirous of recognizing not only the great services 
which her father, the late Dr. Richard Caton, rendered to this School and 
through it to tropical medicine, but also the practical interest which she herself 
has displayed in promoting the study of tropical hygiene. 

‘In 1878, the late Dr. Richard Caton, who was at that time a member of the 
Royal Infirmary School of Medicine, took a prominent part in the movement 
which led to the foundation of University College. He took a deep interest 
in the School of ‘Tropical Medicine almost from its commencement, and in 1902 
was appointed to represent the Council of University College on the governing 
body of the School; in 1918 he was elected Vice-Chairman of the School 
and held this position until his death in 1926. His services to the public welfare 
of this citv were recognized by his appointment as Lord Mavor in 1907. He 
has been truly described as a physician of the old school, widely read, widely 
travelled and of deep culture. 

‘Miss Caton has perpetuated the close association of her father with this 
School by generously subscribing a sum of money which has enabled it to 
establish the Caton Memorial Research Fellowship. She herself, moreover, has 
taken a prominent part in promoting the welfare of people inhabiting tropical 
countries. ‘lhe social problems of India in particular have attracted her atten- 
tion, and she is at the present time Honorary Secretary of the Indian Village 
Welfare Association, which is doing much to arouse public interest in the 
economic and hygienic needs of rural India. 











3. ° Dr. Henry Beecwkes graduated at Johns Hopkins University in 1906 
and entered the United States Army Medical Corps in 1910. Shortly afterwards 
he was sent to the Philippines, where he first became practically acquainted with 
tropical diseases. — In 1917 he went to France with the American Expeditionary 
lorce and for his services was awarded the Distinguished Service Medal and the 
Legion of Honour. In 1919 he was appointed medical member of the Hardord 
Mission to Armenia. Between 1920 and 1923 he served in Russia as Medical 
Director of the American Relief Administration under the Chairmanship of 
Mr. Hoover, and on returning to America in 1923 he worked again with Mr. 
Hoover in connection with child-welfare administration in the United States. 

‘In 1924 Dr. Beeuwkes resigned from the Army Medical Corps and com- 
menced the work which has brought him into the foremost rank of medical 
investigators. He went to Brazil and Central America to study vellow fever 
under the auspices of the Rockefeller Foundation. Returning to the United 
States the following year he at once proceeded to organize the Yellow Fever 
Commission to West Africa, and set sail for Nigeria in June, 19235. 

‘When Beeuwkes came on leave 18 months later, much had been done. 
‘The Commission had confirmed the views put forward by Boyce many years 
previously that vellow fever was widespread among the natives of West Africa, 
and that in them it was a relatively mild disease and consequently liable to be 
overlooked ; they had proved that the West African yellow fever was identical 
with that found in South and Central America; and finally thev had produced 
evidence that Noguchi’s spirochaete, which at that time was believed to be the 
cause of the disease, had 1n all probability nothing to do with it. Having reached 
this point the Commission felt that they were confronted with an insuperable 
obstacle in that no further advance in knowledge could be made until a susceptible 
experimental animal was discovered, all attempts to infect African monkeys with 
vellow fever having failed 
~ © Whilst pondering over this difficulty in New York, it occurred to Dr. 
Beeuwkes that probably the African monkeys, like the African native, had, 
owing to continual exposure to the infection for countless generations, become 
more or less immune to the disease, and that possibly Asiatic monkeys might 
prove susceptible. Animated by this idea, Beeuwkes sent to Hamburg and 
procured all the Indian monkeys available ; he then returned once more to 
West Africa, taking with him Dr. Stokes, Professor of Pathology of the University 
of London. It was soon found that the Indian monkey was susceptible to yellow 
fever, and that it developed an acute and rapidly fatal disease. As soon as this 
fundamental discovery had been made, knowledge of vellow fever increased by 
leaps and bounds. It was established that the disease could be transmitted 
easily from one monkey to another by means of Stegomyia and various other 
mosquitoes ; that the cause of the disease was an ultra-microscopic virus ; that 
monkeys which had recovered were immune ; and that the blood of cured 
animals protected others from contracting the disease. ‘The last four years 
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have been spent in elaborating these fundamental discoveries and in giving them 
practical application ; they have proved the basis of modern methods of mapping 
out the distribution of the disease and of the protection of man by inoculation. 

‘In conversation the other day, Dr. Beeuwkes emphasized that these great 
results could never have been obtained had it not been for the loyalty, ability 
and self-sacrifice of all members of the Yellow Fever Commission—American 
and English. He also recalled that the disease had exacted a heavy toll before 
yielding up its secrets, no less than six of the Commission having lost their 
lives, four of them from yellow fever. All this is undoubtedly true ; but it is 
equally certain that such brilliant results could never have been obtained had it 
not been for the inspiring leadership, outstanding courage and administrative 
ability of the Director himself, Dr. Henry Beeuwkes. 


4, ‘Sir GEORGE BUCHANAN has quite recently retired from the Health Service 
of the Government and can look back on nearly 40 years of public medical work. 
The investigation and control of epidemic diseases, both nationally and inter- 
nationally, have provided him with adequate scope for his profound epidemio- 
logical knowledge and his skill in administration. 

‘During a long and successful career he has been concerned with many 
branches of the medical activities of the Local Government Board. For example, 
many of you will doubtless remember the epidemic of arsenical poisoning of 
beer in Lancashire and the north of England in 1900; it was Dr Buchanan 
who was entrusted by the Government with the inquiry into this subject. The 
outcome was the creation of the office of Chief Inspector of Foods, which he 
held until 1910; during this period he was instrumental in securing the 
co-operation of the Port Sanitary Authorities in our present system of inspection 
of imported food. 

‘Experience obtained from many countries during the War and his war- 
time association with the late Sir Andrew Balfour gave his mind a bent towards 
health problems of the Empire and particularly those of the tropics. 

‘The idea of combined international study and action as a means of reducing 
epidemic disease made a strong appeal to him ; we are not surprised, therefore, 
when we find that he took the initiative in the establishment of the Health 
Organization of the League of Nations. Many far-reaching international 
agreements, such as the Brussels Convention, have been largely due to his 
negotiation. ‘The most important of all such agreements are the International 
Sanitary Convention of 1926, which recast and modernized the whole inter- 
national system of preventing the spread of smallpox, typhus, cholera, plague 
and yellow fever ; and the International Sanitary Convention for Aerial Naviga- 
tion of 1932, which is directed to the control of yellow fever and the prevention 
of its spread, especially to the East. 

‘ Sir George will still continue to take a prominent part in matters affecting 
the public health in his double capacity of President of the International Office 
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of Public Health in Paris and Vice-President of the Health Committee of the 


League of Nations. 


5. ‘Sir RIcKARD CHRISTOPHERS graduated in medicine at the University 
of Liverpool and subsequently for a short period studied physiology and 
pathology under the direction of Sir Charles Sherrington and Sir Rubert Boyce. 
Almost immediately, however, he entered the field of tropical medicine, and 
joined Professor Stephens on the Malaria Commission of the Royal Society 
and Colonial Office. ‘The reports of this Commission have become classical. 
Vhey brought to light for the first ttme the fundamental fact that malaria in the 
tropics is primarily a condition of almost universal infection of the indigenous 
races, and especially of the native children, and that the malaria of Europeans 
is merely incidental to this. ‘he reasons why tropical countries were so 
unhealthy to Europeans, and why expeditions and campaigns in the tropics 
were so deadly, were for the first time clearly stated, and methods were outlined 
whereby much of this sickness and fatality could be avoided. One such method 
is that usually referred to as the segregation of Europeans—a measure which has 
since been widely applied in the tropics and especially in West Africa. Stephens 
and Christophers were the first to establish the malarial nature of blackwater 
fever, a fact which later werk has completely confirmed. When the Commission 
visited India in 1901 the first observations on the selective breeding habits 
of different species of anopheline mosquitoes were made ; this work laid the 
foundation of “ species sanitation.” 

‘After the Commission had completed its work, Christophers joined the 
Indian Medical Service in 1902, and for many years worked on malaria and 
related subjects. Especially notable are his studies on the great epidemics 
of northern India and his svstematic work on the anopheline mosquitoes, which 
has greatly advanced knowledge of these insects. 

‘Whilst malaria has been the main line of Christophers’ activitics, he has 
made many contributions to knowledge in other directions. He was the first 
to describe how hereditary transmission of Prroplasma took place through the 
tick, he was one of the carly investigators of kala-azar, and he has added much to 
our knowledge of blackwater fever. 

‘In 19380 Christophers retired from the Indian Medical Service and was 
appointed to a Leverhulme Research Fellowship ; he is carrying out important 
researches on antimalaria compounds under the auspices of the Medical Research 


Council. 

‘During his long years of research Christophers has published many 
valuable scientific papers and monographs, but certainly none of these is better 
known than the small book written many years ago in collaboration with Stephens, 
entitled “* The Practical Study of Malaria.” 
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6. ‘Str Matcoum Watson, who is Director of the Ross Institute of 
Tropical Hygiene, has the distinction of being one of the very earliest workers 
in the tropics to grasp the significance of Ross’s discovery of the mode of trans- 
mission of malaria by the mosquito. At a time when many others, with equal 
or better opportunities, adopted a negative or even a hostile attitude to Ross’s 
work and its implications, Watson was putting into practice, to the utmost 
of his ability, those measures which appeared most likely to be effective. — Hits 
antimalarial work in the towns of Klang and Port Swettenham in 1901 had an 
immediate effect : it saved the Port from being closed, and within a year had 
greatly reduced the number of deaths. ‘The extension of his work to an area 
of about 50 square miles of coastal plains followed in 1904. 

‘ He discovered that there were non-malarial as well as malarial rice-fields 
and swamps in Malaya, and this observation led him in 1909 to suggest that by 
changing the character of the water it might be possible to prevent anophelines 
from breeding in it, or to render it unsuitable for dangerous species. ‘This 
was the origin of the various biological methods of control which have since been 
widely advocated and used in Malaya and elsewhere. 

‘In connection with this work, Sir Malcolm Watson has undertaken the 
study of the disease itself in its many aspects, and has contributed to knowledge 
of its pathological effects and its tendency to increase the number of deaths 


‘ 


included in that il-defined category “ other diseases.” 

‘In 1910 he introduced the method of subsoil drainage on hill land in 
order to eliminate anopheline breeding places, and to-day the system of subsoil 
drainage is widely used in Malaya, largely as a result of his pioneer efforts. In 
1924 he commenced his antimalarial measures 1n Assam, and a few years later 
he organized a branch of the Ross Institute in India for research and practical 
experiment. 

‘His work, contained in some seventy published papers, shows clearly how, 
even while engaged in the practical application of the most promising of the 
known methods of prevention, he was constantly investigating fresh methods 
with an enquiring mind. He has shown himself willing to learn from = his 
experience ; far from regarding himself as infallible, he has always been prepared 
to revise his plans when new facts or unexpected difficulties presented themselves. 

‘Watson’s ‘ Prevention of Malaria in the Federated Malay States,” 
published by this School in 1911, still remains a classic to which reference is 


constantly made.’ 
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